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nore in particular to packaging cells and use thereof
for the generation of batches of reconbi nant

adenovi rus. BACKGROUND OF THE | NVENTI ON Replicati on
deficient recombi nant adenoviruses are useful for
instance in gene therapy and for vaccination purposes.

They usually lack the El-region of an adenovirus, and
are therefore propaﬁ%ﬂéﬂQ&dﬂﬁb&ﬂE@ﬂﬂﬁ@ing cells
providing bhexddindeuences, . -t PRGKAGIL AL S
provide all information required for replication of a
vector that is packaged in the cells to form

reconbi nant viral particles. An exanple of a packagi ng
cell is a 293 cell, which contains nucl eotides 1-4344
of the adenovirus Srrgimone THmuNseretronl , 1997), which
include the 5 jnverted termnal repeat (ITR), the

Ak AGVRET g RgHatashECEDR 4RBLEIT BBlRGHY SetRereés and
UBEoRIg¥, CRslicngn SSOUEREES: (VBLLARREIMARR LA yse thereof
adenoviral sequences in the packagi ng cell and the
vERt dhenggndraeston othbabtimgons rewohbiardt edendstween

t hese sequences, resulting in the generation of
replication conpetent adenovirus (RCA) (Lochnuller et
al ., 1994). Thi s gacebkemhas breennseivey by using a

[ stemconsisting of a cell Tine and a
5@%&%&?&%‘%6%@%&1 E!ﬁ%ﬁéﬁl%a%%aﬁiee%wu;@; pER SR EUS JOR

ovesdaappi 10 geREUSREESy (4l |f@if')§7a%‘biﬁ‘£tio]19?§ipcs-§%spa‘f‘}?éy
5,994,128) . One exanple of a particularly useful cel

¥l Rekhthpplli-casionofi sntadenpER WG and ane khéiafere

s e T S R SO

The packaging cells provide all information required for

replication of a vector that is packaged in the cells to form
recombinant viral particles. An example of a packaging cell is
a 293 cell, which contains nucleotides 1-4344 of the
adenovirus 5 genome (Louis et al, 1997), which include the 5’
inverted terminal repeat (ITR), the packaging signal, the E1A
and E1B coding sequences and the pIX coding sequences.

Overlap between the adenoviral sequences in the packaging cell
and the vector may lead to homologous recombination between
these sequences, resulting in the generation of replication
competent adenovirus (RCA) (Lochmuller et al., 1994). This
problem has been solved by using a packaging system consisting
of a cell line and a vector, that are matched to each other by
lacking such overlapping sequences (Fallaux et al, 1998; US
patent 5,994,128). One example of a particularly useful cell
line in such applications is the PER.C6® cell line (US patent
5,994,128; Nichols et al, 2002).
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in the generation of hel per dependent replication
conpetent virus at a | ow frequency (Mirakam et al,
2002) . The generated atypical RCA was terned

hel per - dependent El containiEg particle (HDEP) . As
expected, the enmergence of this type of partlcle was
circunvented when a vector was used that |acked the

sBRERNdE ovlerRapreahet ne et UBeyutsSces ]?Fﬁ{ £he cgehome
oEOﬁ?ﬂ%CG&Q&r&ltﬁeélé%c@@@réﬂg%ngﬁfﬁl %Bnté%%%%)177$gfgﬁgﬁﬁpce

it now unexpectedly appears t using the s
nh@rmdﬂ@@yvectmrthanwl BERuGdx(sr inceld gensmare fhBERITES, af
i nant adenovi rus are, cont n1na%ed at a,yery %OM/
ion” o

f FEUUENEY oW CRoPATITEl 88 Thabouhn ‘Catide denets

cyénpat Repegicaal refifiest i dlCRhpétertekl sud agks Mg wEl
sequences. The particle is hel per-dependent and
chfraiensy Efiseleeh&dsal ard her Brooen e tardsat v crbeRtA

h I
T\Qé§ t'é@ﬁg s mggpsaeg!eﬁéewé @o@gaa%% %ﬁtﬁlﬂ%’éé@ﬁ%bﬂ As

honol ogy en vector an agin
l\@w@c&tﬁd etheakpe20dp of Mllsetﬁ@qfspme:dagaivza@d by t he

ul at or horltle as _a pot i_al. pr m
R Bhted heR 4 ephefned Porfdpeh 1R0oEY $2uence
neelataer yi fJShEHS, sEBAendBERn € danefe fogr phdsStdalls
@Qui dance, for human somatic cell therapy and gene
t REHE8F™ \elr @ 14998) - the safety aspects of HDEP are

UGB, HDER, ﬁné’x%@l:{:é;cﬁtj %pggfg ¢hep! iing Icaﬁ@é&éof

t he necessary vi ral genes or autononous re | ON
arm@ttheérﬁ@rog DEPER C6° gollsli someaibaitcbek m@ rhogthin@he

AL LRl A0SR o OB PRSP e
ced dt inays Calas ecdre Sauee anitoppt Bebgeta HRERcEa(TAEOWRY er
cells lacking El sequences. The particle is helper-dependent
and contains El-sequences, and therefore is also an HDEP. This
HDEP is generated in the absence of substantial homology
between vector and packaging cell (see Murakami et al, 2004).
While RCA is recognized by the regulatory authorities as a
potential problem and detection of RCA in batches for clinical
use is mandatory (USDHHS, FDA, CBER. Guidance for Industry,
Guidance for human somatic cell therapy and gene therapy,
March 1998), the safety aspects of HDEP are unclear. HDEP is
replication deficient since it lacks the necessary viral genes
for autonomous replication and therefore HDEP will not
disseminate in a host. The theoretical possibility that the
presence of a recombinant vector or wild-type adenovirus in
the same cell may cause rescue and spread of HDEP, can however
not be completely excluded. Hence, there is at least a latent
need for means and methods for the prevention of generation of

El-containing particles during the preparation of batches of
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preparation of batches ofreconbi nant adenovirus

particles. To this purpose, the present invention

provi des nethods for preparing new cell |ines, new

cell lines, and use thereof to nake batches of

RCA-free and HDEP - ree reconbi nant adenovirus vectors

. DESCRI PTI ON OF THE FI GURES Fi%. 1.: Map of plGElA

Frgconbingpp afengriry ARPYidHieg-3To ts BHrHoERB Higgpaesent
- [ : El [ : p

Oy Gt BiTge B Aot g P P Ro R <12 Bkt

FicglD:likkp, odndplu&: BiHBrEpf thOmaMapoadfchp€@ERBEofrefel gnd

11; of pEC EIB Fig 12:. Map_of pSC. 55KFi g 13:
Eﬁgﬂﬁp{[a%egf r?‘f‘loé“bﬁgg?%r?‘%SPOYJaﬁ'uﬁevﬁ%if%@ul es suitable for
the transformation of primary cells. | : schematic
presentation of si ngl e cosmd vector with coding
regions for El A ad>ERBTONt @F fdlE RIGRESB
respectively) flanked by spacer DNA. RE= restriction
enzynme recognition site not present in the spacer DNA
oFifl Isetfapnece$IG.BIA schematic representation of two
separate nucleic acids (e.g plasm ds or cosm d vector)
having either EIA (A) or EIB (B) coding regions

f Fagked vay spaaersfAwi1l11: Situation that may occur
after transformation and

Fig 3: Map of pE1B

Fig 4: Map of pCC.EIA

Fig 5: Map of pCC.E1ABZ21

Fig 6: Map of pCCl01l

Fig 7: Map of pCCl05

Fig 8: Map of pCC.55Kcol

Fig 9: Map of pIG.E1B

Fig 10: Map of pCC.E1Bcol

Fig 11: Map of pEC.EIB

Fig 12: Map of pSC.55K
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integration into host cell genone of a primary cel
wth the nolecule froml or with the two nol ecul es of

region and an EI B region that are separated by spacer
DNA and a second copy of that fragment / those
fragnments in inverted orientation. J : junction
between inverted repeat. If @ part of these sequences
(i ndi cated by arrows) reconbine in the reconbinant
adenovirus the genone becones too |ar be

pBtkdgedEzampre pPhvidra asi®y Af nkardcepe CUlPS %ﬁ%ﬁ@b?rﬁfr
Slcl%‘adr’an%:fo&nﬁncﬁgﬁeﬂ lp'é:gﬁ%gp%glisn.t o reconbi nant virus,

here 1 nc ng 1 nver eat sequences . Although
t he suhesenie parésamtamwerd)@dsineb@aﬂosmfa@ \re@ltpriwﬁtthheodlng

subsequent | ece r ting oth
sEGUEtCe O?ﬁ%‘ 8§°5%ﬁ ehﬁg% gﬁc%w% ) an

| BY&HH@@dbfGi#ﬁ@%rsﬁﬂﬂJe@EE féﬁi@h&ﬁhdnneﬁzymd’&@Eogﬂﬂ&@éﬂ site
duplication of the left end of the reconbined virus

doet myesept iidathensrecet W%y OF us! GEABRECSNd generates a
Q%Ofg%gﬂgﬁd E?&%&g@ﬂ&m@f PR ddbataagaknbse 6094
eto DNA

larg age ue to the spacer . g
\V:T=R g:)fplplslﬁicﬁl ArEt&snEidy véstorvapaoifngp ECRGOFEGA 16%) MapEl@f

05 Fi Ma f 44 F - Ma f
Zﬁ?“x%% Afﬁiﬁnigﬂgwgggé%hsg?% s%ﬁp prgtgin | ysat es

fl:[@m geneseted teet Indyi Besur ba@bes trhns féinBd1loB- aZﬂi 2 :
HERO1-H 86, 3 : HERO1-H 87, 4 : HERO1-H 88, 5 1

HE
-wwraélomemf Bo%jp ceFl  ganeRe) o HROPENATY, cgll rﬂEt—eh
Eﬁ%(ﬁﬁu&bgf » 1DBPORStY 2hd QoOho ML ENBNtEL | B0 @k host

et ed adenovirus vectors wth.transforned ce
chomes. the :inpeght consicontoblan ROF.regéam ayfd an E1B reglon

flcklfgtr %Sr%egecpeara%eglby Bspggér |B'Ni(san aSEEC&kd copy of that
fragment / those fragments in inverted orientation. J:
junction between inverted repeat. If a part of these sequences
(indicated by arrows) recombine in the recombinant adenovirus
the genome becomes too large to be packaged. ITR: inverted
terminal repeat, ®: packaging signal, FI: Fragment Inserted
into recombinant virus, here including inverted repeat
sequences. Although the presence of an inverted repeat may
help in the subsequently necessary step of deleting other
sequences from the virus genome, the presence of an inverted
repeat sequence results in a mirror-imaged duplication of the
left end of the recombined virus during replication of the
virus genome and generates a genome (duplicated fragment, DF)

that again is too large to be packaged due to the spacer DNA.
Fig 14: Map of pIG.E1A.E1B

Fig 15: Map of pCC200
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88, H89: generated transformed cell clones Fig 21:
Schemati c overview of the Ad .El constructs used for

used to digest the genom c DNA and to generate the
probe fragnments are indicated. The El A and the El B DNA
fragnment are fictively linked with nucl eotide
nunbering starting at the engd of the El A-containing
fragment. Fig 22: Schematic presentation of sone
enbodi nents of the invention (not to scale) .
REHUILEE i YRP SEqBeRe®s (such as promoters and pol yA
signals) are not depicted. A . natural configuration
of the El-region of the adenovirus genone: ElAis

f 819 dviedVdyy oEl Blysdfi ch consi sts of E1B-19K and

E1B- 55K. No spacer sequence is present between El A and
El B. Packaging cells of the prior art have been
cpnptisuctgd dgypisatr.edacang DNA in this configuration,
and hence al so have the El region in this
configuration in their genone.B . The two sinpl est of
t Bey RS SHdl & f0pT digu wgnocrt%lacg%ra%ggffo@a bBRe RIegeNt1)
i nvention where a spacer (or stuffer) Is present in

t heneldl. Pegdsonl: 1HEROStBFTlor 2i: nlﬁERﬁ)duﬁe%,bé%t V\EEROlEIHA%,ndl

- 19K. . trod e = 19K and
OS8R Srins PR Bl € RS alleeT mER dpafce e,
bet waenc&l A11E1B- 19K and E1B- 55K conpared to the
natural situation, to decrease the possibility or
prevent altogether the sinultaneous uptake of these
t f‘fgfféoolol%incfn%%gé@ﬂanf Bé%p'l%@n@at%ﬂ%ﬁ radggauichus
particle (prevent RCA and HDEP) . The stuffer should
b@d%novnemtvexttkbs tmtbbtaamfarmeed lcell neloaegordi mggaiive

enj [ [lsizng,a Vi n
@tgg\lé é% " rnegscgeqUencg% |dBﬁr'l)|%t’sﬁUE)S6 EhABﬁ f
char aeter |gzaadratbd hﬁhn&&tr@heded:élﬂ at&sesstret ches of
nucl ei ¢ acid sequence wherein

Fig 21: Schematic overview of the Ad5.El constructs used for
the transfection in example 3. The restriction sites used to
digest the genomic DNA and to generate the probe fragments are
in@icated. The E1A and the E1B DNA fragment are fictively
linked with nucleotide numbering starting at the 5’ end of the

ElA-containing fragment.

Fig 22: Schematic presentation of some embodiments of the
invention (not to scale). Regulating sequences (such as
promoters and polyA signals) are not depicted.

A. natural configuration of the El-region of the adenovirus
genome: E1A is followed by ELB, which consists of E1B-19K and
E1B-55K. No spacer sequence is present between E1A and EIB.
Packaging cells of the prior art have been constructed by
introducing DNA in this configuration, and hence also have the

El region in this configuration in their genome.

The restri ctiPCI/BP100£052428
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said El A and both El B codi ng sequences are separ at ed
by less than 4 kb in said genone. The order of the

are all present in the genone in a way that there is
expression of ElA E1B-19K and E1B-55K. Hence the
order may El A- El B/ 19k- El B/ 55k, El B/ 19k~El B/ 55k- El A,
El B/ 55k- El B/ 19k - El A, EIB/5§k El A- El B/ 19k or

El B19k- El A- El B55k. When, the ElI B/ 19k and the El B/ 55k

are adj acent, they qu be present as singl e
t BanSr £199 | %}ﬁlpéﬁﬁ the 1%0@6&%@ éloelfé%@rteﬁw GFCQRTRY

tgbstﬂe PP&%edH’h%%éﬁﬂl hogidie Ln ﬁﬂuekonor BeLRrer) is

configurations 2 will be able to generate cel
| preserntthat fhe £i1 rediios. sbaé%ngfew|MDEro@uvadfb¢¢W§en E1A

G W 0E dentr arsToan o SeedrRESt SO Bl o

hawi nghal Fativhaee operor eacicagef flamassbaticel Bekiawy E1A,
stretches of nucleic acid sequence wherein said El A

ahtBHokhar B18oarh Forrgtiethdesthy eadapat e by ebe
t BaD-eas8: +1HO, O%glﬁglf%% érlg%e%QHEIHTtB genaepe Thi s

nmeans t hat en a single fragnment contalnlng El A +
E&Bmil.’l&l&neomapw&( thogeemmhsh@mmncomdﬁngoﬁﬁm@ into a

of th
o Qe BB IR ST PRk R IR FEREL. R
ebBoulinbk | atatlcheass k3>7t5 dt&a&ﬁtalfd‘eeu pfnegécg;omhg, t rthe

contrast to the situation in A wher e t hese se nces
céﬁ"%l%un?f%dnc%“f CRBREHLNGE 28] 1R 1df a{l%emé ﬁélﬁeand

Oﬁlé’ﬁi@ﬁa%&‘ﬂq % perel ated WilihesSUeha cRRBEIHE] Sn(BlA
+ E1B-19K + SK open readi ng frames t oget her

conjpt |ceélﬁlnmhs stlkemchescﬁ nmﬂemla@md&eqmﬁnﬁewﬁieéem B
: t f h
aaf aCCE?[{A ed bro ﬁ"[ﬁ{}% coaf’ncf O\émgexllé]esl g%gl‘g %ak?wg&gé@t fess

0 €acC al 5t
befhat e Ebﬁirarsd/larg@;fotner 'EleB olrBepref ehe e@mnbmﬁmiqnfsames

of the invention (prevents close prOX|n1t¥ | B of

f floeg qogp@%ﬁter as long as they are all present i1n the genome
in a way that there is expression of E1A, EI1B-19K and EI1B-55K.
Hence the order may E1A-E1B/19k-E1B/55k, E1B/19k-E1B/55k-ElA,
E1B/55k-E1B/19k-E1A, E1B/55k-E1A-E1B/19k or E1B19k-EI1A-E1B55k.
When, the E1B/19k and the E1B/55k are adjacent they may be
present as a single transcription unit or as separate
transcription units, this is not critical to the invention.
Both configurations (1 and 2) will be able to generate cell
lines that fulfil this spacing criterion of the invention.
Stuffer lengths of at least 6, 8, 10, 15 or 34.5 kb can
generate cells according to the invention having all three
open reading frames but lacking stretches of nucleic acid
sequence wherein said E1A and both EIB coding sequences are
separated by less than 6, 8, 10, 15 or 34.5 kb in their
genome. This means that when a single fragment containing EI1A
+ E1B-19K + E1B-55K together should come from the genome of
the generated cells, this fragment should at least be 7 kb
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to El A of second repeat) . The genone of a resulting
packagi ng cell is shown, wherein two copies of the El

i ntegrated adjacent to each other in tandem repeat.
These packaging cells of the invention have integrated
in their genone El A and E1B- 19K and E1B-55K, but do
not contain stretches of nucleic acid in their genone
wherein said ElA and both El B codi ng sequences are
separated by | ess than 4 kb, etc, depending on the

st Ef¥iher| éngihs O (hdgltaffsr thikk) exifpl entie at leaast3y S
kby. b |\ B-; 19 E1B- 19K
o B ER g B o doeagss Y Bl BRMEERIE 0

anble2 khedovmstieeam obn EiB-fHhKd (imngefhmymedt kixf winép 3 kb
integrated directly adjacent) ). DESCRI PTI ON THE

| SRR O U PRONS dUa0r| B TRRER Ot ' Toner at e
acpaskagthg(meal b+ ks ng agdsnapenateddifganthmskB

sequences, wherein EIA and at |east one of the EI B
cbeysidieregPranis saradépadridtled from each other in the

gen Q53 CELncifet b $.PUI he 314 L
eﬁbo [ r?e%%éﬁg;eﬁpirné:\}%g%d& I'n g I?%Egt ee%agg‘léﬁisnta!g EFCRm
ahg EldButdnidtegrate edgeecht moacarlecthsor acethffemr is also

P KB B L Bl b T LiB0 o The” S b enr OSLBRAF of

| eeating@ntidh apseeond enddipieRinityher chaneesridfst repeat
co-integration into the same | ocus are reduced by
i he ridduef ntprA BREE) B BrigREOBR Qe ces Uil ht kP fackaging

PEECURZOLL G| wRé‘réi‘?Pt%fJoﬁﬁ@Qt fRLECH] 634t Aty 1 3¢keq
over | appi ng sequences I.C could otherw se | éad to
heidl egobser éfdnbinahpon Wenweeredrhése sdbgquencds. edeh a

third enmbodiment, ElA and at |east one of the EI.B .
84T oGS SR aitnt § DU B8k et T 0P TRl AGErEH"
agh ek Makegrdedviereenrt iasmeSEUN MECE] BVISKSeRAEABEE5 Y
a given distance. It will be clear that in , _

but do not contain stretches of nucleic acid in their genome
wherein said E1A and both E1B coding sequences are separated
by less than 4 kb, etc, depending on the stuffer lengths
(should in this example be at least 4 kb between E1A and E1B-
19K (no. 1) or between E1B-19K and E1B-55K (no. 2), and at
least 2 kb upstream of E1A and 2 kb downstream of E1B-55K

(together 4 kb when integrated directly adjacent)).

DESCRIPTION OF THE INVENTION

The invention describes methods to generate a packaging cell
comprising adenoviral E1A and EIB sequences, wherein E1A and
at least one of the EIB coding regions are separated from each
other in the genome of the cell. To this purpose, at least
three embodiments are provided. In a first embodiment, E1A and
E1B can be introduced in a precursor cell on different moments

in time, reducing the chance that EI1A and E1B are co-

DNA are shown WhREI/EP2004/052428
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the ElI A and at | east one of the ElIB coding regions are
separated by a given distance, in case these two or
nore nol ecul es would form one nol ecule, e.g. by
l'igation, reconbination, andgthe like. The resulting
packagi ng cells are characterized in that El A and both

El B codin% regions are present_at a distance from each
ot PefITafRd Hende fae ehonossmat cAtieht B8t d Hognd

cofb g me ROV EIHEEEnIRAS aﬁrcob%e@gfar&qeﬁ POfat el 14k {418
genonme of a reconbi nant adenovitus that is propagate
ofrs ushuped Kagiintr ekl sg &l pedRlEdcoditg sayemicesninto a
provi des_a t hod of arin cell .capabl e of
CBE LRRRc g B 0 FeT R s T ey B 8PS v ¢ hout
generlapbhgy helhpeicadepriderioubl &OREaL s Ngapatd heheSogous
conprising,the steps of: a) introducing into a ,
pFEPLBRtin RREERGToEDRTe SRgUeRISS -nhiR| it 15g | gbodiment,

seouencess)1Ledi s Ler cid Aigepsafiinctiong apd BB, gene
functions, or if the precursor cell already conprises

ope WirtEe foHonEl Biggene dainctpbes)let Weemsonethede shegudcas

and El B_gene, functi.ons; .and b ) selecting or .
R TR Lol S Ty Otpar hed ETR SRdcRry el in
ctitorans ededmbeaihérgyr ahsiad bata prieveatmcibec faiaat i on
of helger dependent El containing particles when the

B UAP 2 1RG4V PLc BRFT dSHEAC radonBP Rt ead&Tobrr al

Vet Yguded | ceq:hgeﬁ oA O 1@y REE 1 geng EHRCH@NSIA and

sai d vector |acking nucleic acid sequences that have

stibdieanti ene ofetliaaplidi edvinherehiransosvraiebgraisabec El
Kn o?ﬁ’gf&ﬁ%’%%}?ﬁ O{J‘n%%‘ré]"% S‘gklse%%u%go 94@’%02& $0158u eosmv’a'OQ%Q%%m
. pect, the Invention provides a
neihodlefulpr,epagi by Aigation, recombination, and the like.
The resulting packaging cells are characterized in that E1A
and both EIB coding regions are present at a distance from
each other, and hence the chances of E1A and both E1B coding
sequences together being incorporated into the genome of a
recombinant adenovirus that is propagated on such packaging
cells are reduced.
The invention provides a method of preparing a cell capable of
complementing El1 deficient adenoviral vectors without
generating helper dependent E1 containing particles,
comprising the steps of: a) introducing into a precursor or
ancestor of the cell nucleic acid sequence(s) coding for ElA
gene functions and E1B gene functions, or if the precursor
cell already comprises one of EILA or EIB gene functions, the
other of the EIA and E1B gene functions; and b) selecting or
identifying cells having obtained E1A and EIB in a chromosomal
configuration that prevents the formation of helper dependent

El containing particles when the cells are used to complement
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cell having adenovirus El A and E1B- 19K and E1B- 55K
codi ng sequences in its genone, wherein nucleic acid

into a precursor cell, the nethod characterized in
that: a) at |east two nucleic acid nol ecul es together
conprising said sequences are introduced into the
precursor cell, wherein saidyEl A and at |east one of
the EI B codlng sequences are present on different

nucl ei c. acid mol ecul es, which are introduced into the
p?e&ﬁﬂo§e%n%ﬁﬂIad%?PW%réﬂfYQQQQﬁtd?ﬁﬁﬁ%ﬁﬁt|?Pﬁ PRR Orafgre El

V‘@&{ee'fﬂnétaic%spr eSiy %@Et&leIllackfn@%c@epé%aaéeciﬂ ﬁ@@yEl R

cell; or b) a nucleic acid nolecule conprising t
cb@hm@aseqvmmn’ami aveudpewttadihg nbtcawlosablomipcsﬁadg
tgf El B codln%t %gaggg(gggdlntroggceq% %

precﬁﬁ%gr céq et eI n° sard“ntici%i ¢ aciv fﬁﬁ%%ﬁP%s
Iagkm@ubgtaﬁilal overlap that could otherwise lead to

honol ogous reconbi nati on between said at | east two,
bt 8§ B8P Efe SHIVEPhiRD Brevirasd askefvces preparing a

COIPI a8y HeBngpd-At Eizé?aa%l BNe. 10k EHéF E@'BBS%’(%G%

sequences are separated by at [east on a single
nmquanceacnfrd lrhral gengdne, owh@elnm@elm@m@eQ@rmeam d

eg thesecmou d f %“ﬁ§ﬁ§5n Hg nuclég %gid
n%‘fmencu Y gﬁ PSRBT P Snhd t c’?“ SafdPsequéhces
ac€l1Sepns arlieeﬁhobycladralce@ﬁizeaouk chator ) prreflesablyoat

| east 34.5 kb or nore, Preferably the separating
%Rﬁ%?ﬁ&e%c%ﬂfgoﬁ%?P%Ss E%Qﬁﬁ@ﬁée%@mﬁﬁés%Pﬁusﬁlﬁt%ﬁﬁﬂ&PF%ﬁ1Q§P

oty BYPESSHILBN: KA$TREL £SOt H AdRde B %a&egﬁAh%dla& a
single virus genone is rendered very unlikely or

iqumis Pt eof Aheefifatcodany sewhenrasherEl pregadt amn dedggrent
ONE.18f oL 0e; FliB SEAURNCES, A & 2eRALALEA DY 05 10,15 Kb,

Sénce of Thnver Fepeats t he
Bbsequest ex:lilnot he déneraitetonald sSnnmaymdye atiﬁe/dletréln said
Sgﬁé?ﬁgsggrcell is not a baby rat kidney cell; or b) a nucleic
acid molecule comprising the E1A coding sequence and a nucleic
acid molecule comprising the EIB coding sequences are
introduced into the pfecursor cell, wherein said nucleic acid
molecules lack substantial overlap that could otherwise lead
to homologous recombination between said at least two
molecules; or c) said nucleic acid sequences comprising ELA
and at least one of the EIB coding sequences are separated by
at least 4 kb on a single nucleic acid molecule or on two or
more nucleic acid molecules when these would form a single
nucleic acid molecule. Preferably, in embodiment c) said
sequences are separated by at least 10 kb, more preferably at
least 34.5 kb or more. Preferably the separating sequences are
non-El sequences, so that integration of both expression
cassettes of ElA and E1B together in a single virus genome is

rendered very unlikely or impossible. Alternatively, when the

EIA and at least one of the EIB sequences are separated by 0-
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cells wherein the possibility of generating HDEP upon
propagati on of reconbi nant adenovirus in the generated

provi des cells obtainable by the nethod according to
the invention. The invention further provides a cel
conprising adenovirus El A and E1B-55K and E1B- 19K
codi ng sequences in its genoje, characterized in that
said cell |acks stretches of nucleic acid sequence
wherein said El A and both El B codi ng sequences are
sepaat BdSHRrNeser tihana2sqasei af SavaT breh vty ety -
sgbghrebl ir?(\‘tlﬁlé §eHELEBES QN s WG} 8ieCu b 4 SEGURRCE,r

wherein said El A"and both El B coding sequences are
sephlrsatberdiyn [tegspadsahilit kbfi gersaindigeidRe, upmr e
preferably said cell. | acks, stretches of nuclei.c aci
PEEERE U e PrEd o8 RRlv S TR Bl e e e
seguRrnReessed @rsepsymt etdhdyinkessidhansdbovkled nesasd

i s anot her aspect of the invention to

genone. |t . (
pPRAAdELEE rhst 188 TP RACAPHYT dr° §RRerHERAEP R B |

Cc V - : |
e RO AR PP AoE)  ERLE (P WY Bl o B
cizt ddBebik eddi BIRHAK sedicigmeeqhicencludés gerstep of

sel ecting. cells l.acking.inverted repeats conprisin
s(gkllacfaﬁlteglezqeudeﬁ%e k}achﬁgg(fln \etﬁt i%ﬂ(sf ﬁgf?a}teci]eﬁr% indlgge‘gc
cetld cegpsnicd NPercienexid U AERNS eQUBNEES cofind $cgeaMEs,
wherei n said El sequences include El A and El B codi ng
SRfUSRBREALShRY atder Fool 4 Pt Hatsaddi eenames eljirdearlar e

NoLi Presentackd Lhettaeh &f nlpverd adif¢ ; Cgll%cl;é' e ddth

genone. I n one enbodi ment thereof, sai conpri ses

ataideddt anbbeobpiBS ebdbmi deddenievi pus sSpguircedyi Yess
R e S R A R o
stretches of nucleic acid sequence wherein said E1A and both
E1B coding sequences are separated by less than 34.5 kb in
said genome.

It is another aspect of the invention to provide a method for
providing or generating a cell comprising adenoviral El
sequences, wherein said El sequences include EI1A and E1B
coding sequences, characterized in that said method includes a
step of selecting cells lacking inverted repeats comprising
said El sequences. The invention further provides a cell
comprising adenovirus El sequences in its genome, wherein said
El sequences include E1A and EI1B coding sequences,
characterized in that said El sequences are not present in the
form of inverted repeats in said genome. In one embodiment
thereof, said cell comprises at least two copies of said
adenovirus sequences in its genome, which copies may be on the
same chromosome. In another embodiment thereof, said cell
comprises one copy of said El sequences in its genome, and

further lacks sequences in its genome encoding (functional)

The i nventi on aPGDEP2004/052428
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conprises one copy of said El sequences in its genone,
and further |acks sequences in its genone encodi ng

aspect of the invention to provide a nethod for
generating a batch of reconbi nant adenovirus having a
deletion in the El region, conprising the steps of: a)
i ntroducing said reconmbi nant,,adenovirus into a cel
conprising El sequences of an adenovirus capabl e of
conpl enmenting the deleted El sequences of said

r BEOIi ARMIAABHBYA T us; b) cul turing said cell and

har vg %S%hgﬁléta'agpéﬁ%&b'cﬁ‘@ tnv@ﬁa vw@r vtl'as gﬁgd for

characteri zed at sal Is a ce according to
t bendmvényg iomatth of Irbcbréolmlae’arademovhﬁsiqoéasum skidéledon

|r1t¢h§ ﬁ;t t hat instead. of kntro uci s)ai.dt . ¥
r&d Fe%AaBNoHTESS 1Y TS 21%5 Bbs<l bratTuEE Ry 53
t hecanasat i2dane¥i FeConb nant 1 RAdRNPYL 118 BY sisjuRgcONST
or nore nucleic acid fragnents capable of formng the

gRRGIENEY 1 GaPRRISHBE navieLlatieklovior tise dedatomitdh wil |
aft c@Q'ét‘?%g&&?%&%ﬁbEﬁ&@% 1Qu§a'k9 %ﬁ%Jc d].fl%rg%éﬁdad

reconbi nant adenovirus. Hence, for this e
r eebimbindarervadehoy iseds menpmblsantbedengenuge ofe thehod

nmb d f nbadi
SR TR EonA ARt Citealt 147 Bhies CEObSGRERHIS SBlithce

oveFdnomi tt thel Be sequenrceshrRseds duiisafidircehd, art
whi ch coul d_ ot herwi se | ead to honol pgous

r BEONBPAERADRT FRHERAUCARBHREE @%’6‘8%%‘%& adgppvirus, it is

'Ql’&f‘bb%lﬂlreo‘ébd%x% 91%&'13%%9&1%6%?@&%%[1‘15&”9 a
packagi ng cel | conprising El sequences in its genone

aﬁ@br@vnewrbm nabng adenowimous mez;‘ltegp adich faagieingtsi capabae
gigrm 1§p mhere the eno s%id vVect or Igcks
ce

PP AP 1 SR bl et

giE]ﬁtﬂ:fh‘IEwDIl S?&rtérpﬁa'ﬁiagaﬂgarﬁehh,packaglng in said cell form
said recombinant adenovirus. Hence, for this embodiment, a
recombinant adenovirus may also be a genome of the recombinant
adenovirus. In a preferred embodiment, said recombinant
adenovirus lacks substantial sequence overlap with the El
sequences present in said cell, which could otherwise lead to
homologous recombination. In yet another embodiment, the
invention provides a packaging system comprising a packaging
cell comprising El sequences in its genome and a recombinant
adenovirus vector with a deletion in the El region, wherein
the genome of said vector lacks substantial overlap with the
El sequences in the genome of said packaging cell,
characterized in that said packaging cell is a cell according

to the present invention.

DETAILED DESCRIPTION OF THE INVENTION
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characterized in that said packaging cell is a cel
according to the present invention. DETAILED

adenovirus (RCA) is an adenoviral particle that is
capable of replication in cells without the need for
hel per adenovirus. An HDEFP' (hel per dependent

El containing particle) as usgd herein is defined as a
viral particle conprising at |least El A and E1B-55K
codln% sequences from an adenovirus, said particle not
b FRP1aBREL A0 CPERAEaAL 2ITWVATER| 1RC|Aéckﬁ g LRIV ERA

ngrt%q/ Loty F1Bg5 anometégrﬁt@ $e05e B 1 NelReE Vithdst %huef‘

per Vvirus may e or nutant adenovirus
ahsal dioy h&mgemvadenovveu$annpﬁbDERﬂ ngelpee fepotdeohsEl-

i ssing.in HDEP f or, | i ded by th
(B b AT e P b ARERT dRoREr Tan: *BdeabrT us
Ppopagatecopribhey packagihgiaehhd EIBesHH Acanty EkBudides

sequences are required for propagation of _an
adedib s adenovikes HEEP RIS f RS ReENE GRE Qi s reppRicate

y Dlgg S%%glij p%%gﬂgeﬁfm%mme EEh SROMENSAS BkeSEMhel Bosence

to conpl enment the reconbl nant
bfdéEQQEIveradéndthmBermhﬂchImanbsewnbiasp®xhempE¢nt
rus f.or ous

DEP c d b
Y et Rhs (BT Bk ora! AR e ket arer o og8 T a

pa@lkﬂglong gielsh n@nch ADNBLtpId (:Mmraiéaafo@t bal pradQQdy by
but as _now unexpectedly appears from several studies,
i Ehedflafieiechévelmesated Rrdifk ZasOBREENGT 2SRNPTEARE | al

hgf%a%g»zé@vo%r L8P ﬁé%ﬁ(‘é@i?ﬁb Rquenges g A LeEpaciegi ng
and vector, 1.e a process referred to herein

seq\mmch@rmdeog@wneéc éqblpmpa@a]tl(osleef eang adpaeikans Hte
i R L ST Sa Rt R b haesps- e
sequences present in HDEP should be able to complement the
recombinant El-defective adenovirus, which can serve as a
helper virus for HDEP. HDEP can be generated by homologous
recombination on overlap between the El sequences in a
packaging cell and a vector (Murakami et al, 2002), but as now
unexpectedly appears from several studies, it can also be
generated in the absence of substantial homology/overlap
between sequences in the packaging cell and vector, i.e. by a
process referred to herein as non-homologous recombination
(see e.g. Murakami et al, 2004 for possible structures of
HDEP). ‘Substantial overlap’ as used herein is therefore
defined as sufficient overlap for homologous recombination. In
any case in embodiments where the invention refers to ‘absence
of substantial overlap’, this condition is considered to be
fulfilled if an overlap exists of no more than 50 nucleotides
(nt), preferably less than 40 nt, more preferably less than 30
nt, still more preferably less than 20 nt, still more

preferably less than 10 nt, most preferably no overlap at all.
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this condition is considered to be fulfilled if an
overlap exists of no nore than 50 nucleotides (nt),
preferably less than 40 nt, nore preferably | ess than
30 nt, still nore preferably,;Jess than 20 nt, stil
nore preferably less than 10 nt, nobst preferably no

overlap at_all.13 Althou%f t he nechanlsn1of th
f BF FRAYISNERE mepER I At Cheu Py Sy 8F JEFPat s ﬁrogséﬁ%ly

| indr£bBarat '@%sé[ﬂe EL f»@%li%age@natth@ﬁeelm QEigipate
fromthe genoie of the packaging cell. The presence of

Ithsmlmencegmarheréwnbhﬂaqﬁnoade@b\hhnewa@@mh@scalé The
unwant ed geél g nic% tﬂ? rfe%ogi)%an%cé r{ V'ilglzs? ba-Ec%e
iﬁg%ﬁﬁ39§n rovides methods and neans ?% mnimze
change cal, Bener at I i’lg tHPER rmlBEr BEO ornERITQd$hé ernventlon
preparing cells and the resultlng cells are provided,
V\,ﬁé?‘élrdﬁssla?@o@él prd megBs HIR talén BB Hhsy COAPEISEomal

@&éE %&gg d@%ﬁ h@ﬂeﬂt%vq%&obeefwtprr@gylcltﬂgoeeplf Ehd the

g sequences together into a reconbi nant
adeﬂmmmgss:eldﬁdah@rm@vm@d,f oihnaﬂrowa@d G4DEP Ivtesn ELheand
B Rt R Eeh et AR-COLS TR ok Rl pde! ol et
stibstctitick abn SFIEERNCHGOYER | @ﬁhbgt y@@@nt&@ t‘b@étl@a’r dndo a
the chronosonal |y | ocated El sequences of

c6RpPEeART rﬁjie@@VJr@Jsof 2hf d§05Ge cmrmarfol%Pg HFpghen

t BRe Cl198D5 AR § 0RO &H@twf@lefneﬁmlgﬁl 45 racgordiiegrt o
one enbodi nent of the invention is such that El A and

te¢@résmaohead§ﬁovh@lENBctm,ngnr*éga ehgengee of eptsapebial
rep ?nsC%g?‘ggelaP %%nge? ggkgéont% r%}tBut e%t Eﬁ?ehdh%gééma [ 0}11 of
HDEfa a8t i saguah by dfhehdedagipil emercfingdesidei bfisthe
S?S&gﬂ!ﬁ%ﬁ %thgggtgg?bose, the chromosomal conformation of
the cells according to one embodiment of the invention is such
that E1A and at least one of the EIB coding regions are
separated in the genome of the novel cells. Since inverted
repeats are believed to contribute to the formation of HDEP by
stimulating the deletion of adenovirus sequences, in another
embodiment the invention provides cells comprising E1A and E1B
coding sequences, wherein the El sequences are not present in
inverted repeat conformation in the genome of said packaging
cells.
The cells of the invention comprise adenovirus E1A and E1B
coding sequences in their genome, and preferably they comprise
the coding sequences for all functional E1A and both E1B (EIB-
55K and E1B-19K) proteins in their genome. ElA and at least

one of the E1B proteins may be of the same or optionally be of

different serotype according to the invention.



enbodi nent the invention provides cells conprising El A
and El B codi ng sequences, wherein the El sequences are

WwWOeH05/08383knt in inverted repeat confornmation i PCT/AR2004/052428

10

15

20

25

30

genone of said packaging cells. The cells of the

I nvention conprise adenovirus El A and El B codi ng

sequences in their genone, and preferably they
conpri se the codi ng sequences, for all functional El A
and both El B (El B- 55K and E&B 19K) proteins in their
genone. EI A and at |east one of the EIB proteins ma

Breeﬁertahéy sdhéhepe sFPreHENLY - bt o"feaaFfor@r ehtElerat

a e, I t

CEEO R 0% RO R B T o
byrenqieopotespedt ffediyent from an EI A and El B pronoter,
respectively. Cells of the invention. A reconbi nant
adenovirus may be able to take up >20 kb of DNA from
t bercelole thdenvanwynch it is propagated, and the
maxi mum genone [ength of an adenOV|rus al | owm

ePf TeIcBhingac RAGRAGLTUS BPhhex PRt doy L3k 1B (’?%% Rt DNA
adenoviLus-1yRe e NRsAdcy et QEI pfcj'ﬂa%af:écg,uraﬁd"@}é gﬁﬁ’ﬁﬁgﬁ

sonewhat on t he serotype feature is used
poeparee Lanygl ofoaplaernting aél¢w¢n§ceﬁthu¢gttmﬁqhaelng is

et g e BNV B ol al P Aohp e 480 T RarhL kR

ELA @rdd gate |ieasHepdil ebnélieitEbB SROU¥encededl €This feature
separated by at |east 4 kb, preferably at |east 1% 15_‘
nbe élsmdeit@r%p@ratnqvgésﬁowe@e%l% C§¥]r%l A¥ERD Ri

ﬁf@}ttllaﬂt L] ggfpéT%omﬁr%i%% g€l |53 AEKS ootk s‘ég&légs,

c aci d sequence erein said El A and bo
cankli regideqeklc ebamaategéped dinethdy daadsEihand4at dgagg one

34: 5 Kby peshectively (865, 8:9y § $2fedQr 4 SChematic

preferably at least 10 kb, more preferably at least 34.5 kb in

said genome. This means that the genome of such cells lacks
stretches of nucleic acid sequence wherein said E1A and both
E1B coding sequences are separated by less than 4, 10 or 34.5
kb, respectively (see e.g. Fig 22 for a schematic
representation). It will be clear that wherever the present
invention mentions that two sequences are separated by at
least a given distance in a genome of a cell, this requirement
is deemed to be fulfilled as well when the two sequences are
present on separate chromosomes. Hence, the embodiment where
the two sequences are on different chromosomes are expressly
included within the meaning ‘at least x kb apart’ or
‘separated by at least x kb’ in the genome, as used herein.
Such an embodiment can be easily checked by methods known to
the person skilled in the art, for example by fluorescent in
situ hybridization (FISH), which can be used to locate the
chromosome and/or chromosome location where a given sequence

is present.
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representation) . It wll be clear that wherever the
present invention nentions that two sequences are

acell, this requirenment is deened to be fulfilled as
wel | when the two sequences are present on separate
chronobsones. Hence, the enbodi nent where the two
sequences are on different chronosones are expressly
included within the neaning at |east x kb apart' or
Separ at ed | east x kb'" in the genone, as used ,

by at ,
hrél’?%icﬁ.ll&fb% taR SHSOGH AR MOTRARS HE8RY 14 Sc RREIEIG By D
' i i i
CELCIBC AN 2h8 LM ePEEDPIaRE] ddefdul fud MBqRidocs Bhcode
whlElcanotmingskdt tleackosstienthe aplerdims @i, avid/aopart

TLZIBEOTE 4SRRI TSI peonce

adeROLhE USpSEGUEALRS firAnd RE pIgerTorece Hd wptiefreisabl y
sai d adenovi rus sequences encode al| El proteins but

| 8eKIeEBendES BRRSTIthEL iRy Breferphty ndteredfain; Nk,

S N s, Pr.ef y ai n
g S R R
stiipierdes, have seheainsst attheheiX prefieterbl (fonoteldentdHin

n 9-4031 of wt Ad5 or parts thereof) a nor e
PR Bt ey B RalE BareRi et (i B eTBhGter
pasiteean f ffomc gt | 3 504, t o ADprEfes@auensss,) , pLefeidabl yo

no sequences, of the pl X pronoter downstream from nt
3BERY e rpf E9T e FRR AW r 332 8L Eh | 3ROy aFuT eFreteAPving PIX

Shg A Ic6RPEo10%eT L8P It fir AHEBPYITHS a¥8SIRT §£had ng pl X
under control of its own pronoter. The absence of plX
seeences fraonthéesgenenst ¢hetprckpaékagieddscaldssiai ds

DRSS SR R SRR e
adenovirus vector (US patent 5,994,128).

The cells according to the invention may be derived from
immortalized cells such as A549, Hela and the like, in which
case a selection marker is required to establish the cells.
Preferably, the cells according to the invention are derived
from primary cells, in which case selection is provided by the
EIA and EIB transforming activity (see examples). In preferred
aspects, said cells are derived from retina cells. They may be
cells of any origin, including of human origin. For the
propagation of human adenovirus, cells of human origin are
preferred. The cells may for instance also be of bovine origin
for the propagation of recombinant bovine adenovirus (US
patent 6,379,944). The origin of the cells may be chosen by
the person skilled in the art to be compatible with the
recombinant adenovirus of choice.

In one aspect, the cells are derived from primary human retina
cells (also referred to as HER cells). Immortalization of such

cells with adenoviral El sequences has for instance been

| east a given distance in a gRCIDEP2004/052428
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The cells according to the invention may be derived
fromimortalized cells such as A54 9, Hela and the

establish the cells. Preferably, the cells according
to the invention are derived fromprimary cells, in
whi ch case selection is provided by the ElA and EI B
transform ng activity (see exanples) . In preferred
aspects, said cells are derived fromretina cells.

They may be cells of angporl i ncl udi ng of human

odﬁ@mbe#ow e PpFOPaga ‘brilng Hukhdatlerdvi 152 é88%ss
ot lﬁmﬁ_lﬁ feg'e@ e 1%"8%f eﬁfﬁgr The eells dmYnd Also1ated
i nstance a be of bovi ne orlgln for the propagation
ffrorec@tbselamﬁybdvemaladéﬁiﬁﬁvl i 888 (U$np<a1t1“@ﬂrt embodiments,

7 of t.he may. _be_chasen by
¢ HB G g G FEF Ot TP e A E™Y o Bemc BHBCT Bt SR
tB@lI@Q@@'@I@%ﬁt cagienowicr 45, ab7Thoieeyet ntoee a@spethents,
the cells are derived fron1pr|nary human retina cells
( Eheraldperredersved PR Ez@m%y anni REKF§Sy| FYER i35n hgpan
S d V|r c

LA e R
BpfdlmmOrahllzm®&2prﬂmh¥&,ammmbcﬁab$|Wn$heaQQHQerUQQE@.
Prinany HgR cells can be isolated fromfetuses (Byrd
etCAf<T°E§82, 1988) . In other enbodinments, the cells
are derived fromprimary human enbryoni c ki dney cells
(see e.g. Gahamet al, 1977) . In yet other
efBPRITAFBAR OL 1CRéL1el |'s are derived from prinary
afpl %wlgsacc%%angstcmm@nﬂelnmry AMHOY RS { SEByeE. .
US patent 6,558,948 for nethods of 1nmmortalizing
pnnhtu@pcannlaﬂgwpesrwm EﬁAa@nﬁh@&Briﬁﬁ End sEldrdAB eg)ding

%g‘glgﬁaqt%%ngg% Bepre é:rsgtre%r ancesa’gcorcgﬂ]g he?lcghtehe cells

are derived from the precursor or ancestor cell by
introduction of the El sequences therein). According to the
invention, said E1A and at least one of the EIB coding
sequences are to be introduced into said precursor cells in an
unlinked manner. ‘Unlinked’ as used in this connotation, is
meant to refer to a configuration that is different from the
natural configuration of El1A and E1B as found in an
adenovirus, i.e. directly adjacent to each other (see e.g.
Fig. 14 where the natural -i.e. ‘linked’- configuration of ElA
and E1B is shown as present in plasmid pIG.E1A.E1B). It is to
be noted that prior to the present invention, the person
skilled in the art that wished to obtain a packaging cell
comprising in its genome adenovirus ElA and both E1B coding
sequences, would not contemplate introducing E1A and at least
one EI1B sequence in an unlinked manner, because: a) it is more
work and hence less convenient, and b) both EIA and E1B
sequences are required for immortalization. Previous studies,

that were done to gain insight into the transforming
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ancestor cell by introduction of the E| sequences
therein) . According to the invention, said El A and at
| east one of the ElIB codi ng sequences are to be
introduced into said precurspr cells in an unlinked
manner. Unlinked as used in this connotation, is

meant to refer to a configuration that is different
f FepAtiHet iR Gfallk owdi Blk APEALHT EBRYE WOEFE%% Ratd

i ViU 8 o diT I 18CE&M 1 1O t
R e
cbadd gor attiadiiehe&lcAoans EaB dsn SHean & agr esdL/ i n

Lasmi d pl G ELA It b i
PHETTrREBrtt ioent 108, T RP St ST | 1001 13 RE S

t has2 wivshers te@ ebf ai2noa) parkagengd toel bimamphésisng in
Its genone adenovirus_El A and both El B codin
sepbresionedl ghatt Pdafticitpl ard It RISTARP BISAVERyY the
Al ot B30 e QNG JFERSLIUCHE L ] R8T Lt AKALERBEET he
because: a) 1t Is nore work and hence | ess conveni ent,
andgiil atobpt decEeAcen uEh B s @goraices aadéor eqlvadahyilarion

i nortalizatiaon revi ou udies, that were do to
gﬁ??Pailns?@%ttqenF%giﬁg ?Pin@%o?%n‘j&fﬁ%%pplggi ?‘?C{ulegg’eof

Eh Axeiid rEb B 1 9h et s coPaviegdefddis tafak el dnldaboth E1B
introduction of EIA and at | east one El B coding
sEEIC ESEHY dBJtRSD SEEE aGUShel [ICoABROMEy ahn s EFEen
eEoﬁint'egl'g&%'n @QE'&HE%E@e@tbfkran Gisdpchensencgd). 1n
al ., 1987; Rao et al., 199Z; Nevels et al., 2001).
Homeverse (Fechemnsen teedus L9811 dehlt irah lofdnelieRRK) cells

PASPI 00 105 GV 1R, BN RSAL 0k A

I egal Sleot ¥d SEqHent &S BSPTisrdsl ps asmider tlendhdtuence of EIB

pgggfggiggkegé %QA expression. Obviously, this study was done
on a specific type of cells and for a reason unrelated to the
invention described in this application. Prior to the present
invention, there was no reason to separately transfect E1A and
at least one of the EIB coding sequences, for the purpose of
generating a packaging cell. The formation of HDEP in the
absence of substantial overlap between the genome of the
recombinant adenovirus and the packaging cell was hitherto not
described. Furthermore, the person skilled in the art would in
fact would be dissuaded to use this method for obtaining other
than BRK-derived cells such as for instance human cells, since
Gallimore et al. (1986) had described that human cells were
only rarely morphologically transformed by expressing El1A only
and most clones died in situ or immediately after isolation.
The sole case where an Adl2 (subgroup A) ElA expressing

plasmid resulted in a clone was identified 114 days post

transfection and could only be picked after the clone had
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signal, and the E1B-55K and El B-1 K overl appi ng
sequence likely results in the co-integration of El A

genone. | ndeed such co-integration was observed by van
den Elsen et al (1982) . In one case (Jochensen et

al ., 1987) baby rat kidney (BRK) cells were first
transfected with El A and picked clones were then
transfected with an EIB plasmd to study the influence
of EI B expression on El A expression. Obviously, this

s@&%ﬁgﬂ%@ Himdish. £1spetyf |t@et19?ﬂ§°élf skilled and-ropth
?3'?. A QD nyRrsd %;S%Mt%dt he | nvenkiondesss Iatte@eag\hto%s-m

ation. Prior to the present Invention ere was
gem@asuhn pmc&epax atedlly ¢ ansépztatEl Boreend an ’dleasbamde

of t B codi ng._sequences or_the pur e,

QBRI PO ke b g CEeITEr THBE OB BE SN b AP o
t peowiReBsen afetﬁmtf@mt bilaioves| a1 1ket e natbesigenndeat
of the reconbi nant adenovirus and the packagi ng cel
a2 Hi pﬁérw REEIREE SCANBRGE SPRR¥HEINSR LNt feIEFSont ™

SE&H 5%&%% daﬂie W% hd dm t&ég%%é@%m:dlrpz%nghér?%ged to

use t or o talnlng er than BRK-derived
cpréﬁerabdh rag beby imast hdreyh Bkl cells, Isi nge preferred

WBPEE D APy T BOF a1 el 194 ARt OPretl by =

epﬁémieagaéﬂeetpntne apdl9ost abones diedHER &m; oLt
imediately after isolation. The sole case where an

AHEHL (%uﬁb?%ﬁhi-\t)t}@l AL LkHrsteHy thralhi T IPERtAT 848 n

1ﬁ£%c@@3adc%§amgf i1@d 1d 4., dayst POsbnt IANSheed LB 2R
could only be picked after the clone had18 over gr own

t hetm®nln®£€aEEyabJWherpef@@n fei |adgdovirushBlarandwbis d
oonaTn R Bt i et SEHE, o By Blnch RN B O
baﬁetdieoﬁe@h‘@ldéél willabbtald the Ehesanpendesofint tieeipr gsente,

Igvg¥gﬂyogeééﬁlng immortalized and capable of packaging
recombinant adenovirus with deletions in the El region. For
instance, WO 03/031633 describes the introduction of Adll EIB-
55k into 293 cells: this will clearly not lead to the
advantages of the present invention, since the El sequences as
already present in 293 remain in the original configuration
and will have a E1B ORF less than 4 kb apart from the E1A ORF.
In contrast, the present invention provides methods for
generating cells having adenovirus EIA and E1B-19K and E1B-55K
coding sequences in their genome, as well as the resulting
cells from the methods, whereby the nucleic acid sequences
comprising E1A and at least one of the EIB coding sequences
are sufficiently separated from each other to prevent the
simultaneous introduction of all E1A and EIB sequences from

the genome of the cells into the genome of a single adenovirus

particle.
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present invention are preferably not baby rat kidney
(BRK) cells. In one preferred aspect the cells of the

invention are human cells . In a preferred aspect, the
cells are derived fromHER cglls. It will be clear
that the cells wherein the sequences are introduced

according to the present invention, before said

i ntroducing preferably are free from adenovirus El A

a | ng ineRtt RS lhedEPANRg Bid RALY of
u%%ﬁE?%Fgg%tctFgﬁgggmgﬁ%ﬂgeauencég wi | | gbtain thect
seguemeesnt ninvhetiongehioerd 1At hed elfy lbegowinagof the ELB
immprtalized and capabl e .of packagi ng.r.ecaonpi.nant
GRSV, PRICER W SEr b S FRe e DR GRER e Bhecursor
| 86113N6¢, p WA 34 03ke33n daselbbesndllreul ¢y raduciieon of
AdlI'l EIB- 55k into 293 cells: this will clearly not

| Sdgrodgceheindqyaitch§es! ot fhelbreEeBhtMMRRENtT dATesidce
the EQULNCES) BS 28LTRAJYRRT &S8RL TR 2@3efSiMBhBnt N
tﬁ%“%?fé.na| cgﬁfﬁggration and w Il have aeEIB CR%

| ezreofhafidstk bhagddt ahd GHhB-REK RoNiORFSeduenecehtarast ,

PR nd b FHE S SNH BB I oA EIBeasie 2t

codiatgrsasmences tiimet heir genone, as well as the
resulting cells fromthe nethods, wherehy the nucleic
AT P [ és Seedr PEPHYTERA g%l RO Sabe Bife SBFL1 HE
BB ¢odibg: SeQUENGRs & elaldtf {%d enthyi seRanaladhrem
each other to prevent the sinultaneous introduction of
atdgaEhAr aeriPELBize gaeAcRlsr fndnsaise EgBnenddnegf sqdueneses (g€
i nt,o t.he genqne_ of ' OVi 1l el.e.
A HORT s R PrEpdcs BEPNOXhELTARTLE U fha
cedids abf least two nucleic acid molecules lack substantial

overlapping sequences. It is believed that the presence of
such overlapping sequences would enhance the possibility of at
least some way of interaction between said at least two
molecules and the subsequent co-integration of the sequences
on said molecules into the same locus of the genome of the
precursor cell into which said molecules are introduced,
whereas it is an object of the present invention to circumvent
this. In one embodiment hereof, at least on of the EIlA and EIB
coding regions are placed under control of different
heterologous regulatory sequences, such as promoters and
polyadenylation sequences. In another embodiment hereof, the
E1B-55K and E1B-19K sequences, which are overlapping, are
separated and all overlap between these coding sequences is
removed by genetic engineering using knowledge of the
redundancy of the genetic code, according to methods known to
the person skilled in the art, thereby allowing the

introduction of these El1B coding sequences independently and



the present invention, the El A and at | east one of the
El B codi ng sequences are separately introduced into
wa@200d/0pa3ecur sor cell, by placing them on separ BEBEEP2004/052428
nol ecul es that are introduced into said cell on a
different nonent in time, and said precursor cells are
not BRK cells. In one enbodi nent hereof, first the El A
and E1B-21K codi ng sequences,,are introduced, while the
E1B- 55K codi ng sequence is introduced at a later
nmoment in tinme. According to a second enbodi ment for

?@pﬂémésﬁﬁngrqnhéaelél qteepf TRECPIEsORt of nventidrndaklB
i) Do . | at”
Sg@gﬁ% g\@%{r@% eh Ct}ﬂE]%' 9%%6511%% &yt BEELNQhCOMY ik $hdTFor

sal d B ng sequences are I ntroduced
i stamaedopreectirsmyfeceidn ofhasmttadr Lesst itmotmaiecsbést

| rectid _
ober R P I o Braes 17 FRCRLY (S00gdims T b e

5 PE&sSMes, of  SUGht BRIk a@PidTgas ETHIgRC B0 \Wolkeuszhance
the possibility of at |east songe max of interaction
bePNiRrd A 18RI HHCAR1F cadl BORIaREPe CtNId NaR PAREL Shigs 4Tt

c aém%%gf?é&i%g; Q%q&eﬁ%eae%%@%%? QN asat dmkech @s1tahRs
the sane [ocus of “the genone of the precursor cel
i hdck whbsharsdiad ovdEenl estharespettr dduezeh owher.easdi t

IS, an ,objec f th resent invention to circu n

tﬂ]?%r.ellnnjs% a%nﬂ)%%‘?eﬁrgﬁ? %031958 S5 &t dAst°0R° oflr}r]tvcﬁe‘El El A
10 apeeddrBoeoging ohegiAfsepdre: pbased iwndefe control  of

di fferent heterol ogous regul atory sequences, such af

pFOfottEE 54 ATPOFNGHd e AP ATHRN SR FORESET Fhl oGt REr Teast

eghodidment ey I%e&ingt E@q@r{%-e%%ﬁr@%l%%ﬁgdl%l ?%&%@C%m

ich are overlapping, "are separated and a overl ap
bet vieennyheseicdedls rapideneisteds, i siareimvasd dojliyamet pe

CCEHE LI E9R Sl (OANTH Y ukpo
15 well be both E1B coding sequences) are separated by at least 4
kb, preferably at least 6 kb, more preferably at least 8 kb,
still more preferably at least 10 kb, still more preferably at
least 15 kb, most preferably at least 34.5 kb of nucleic acid,
herein referred to as ‘spacer’ or ‘stuffer’ nucleic acid. The
20 spacer nucleic acid sequence may advantageously have the
characteristics as described infra for spacer nucleic acid
sequences, in particular said sequence lacks EIA and E1B
coding sequences, may be built up at least in part of intron
sequences, and may comprise regulatory sequences of the E1A
25 and/or E1B coding sequence. It will be immediately clear to
the skilled person that in an equivalent variant of the third
embodiment, said E1A and at least one of the E1B coding
sequences may be present on different nucleic acid molecules
instead of on one molecule (see e.g. Fig. 13 I, II, and for
30 instance example 3), as long as the sequences are still
separated by at least the indicated distance when said

different nucleic acid molecules would form a single molecule,
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i ntroduction of these El B codi ng sequences
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I ntroduction of the El A and EIB coding regions in this
enbodi nrent may be at the sane tine for instance by
co-transfection of said at |east two nol ecul es, but
obvi ously, the first and secgnd enbodi ments nmay al so
be conbined, i.e. introduction of at |east two

nmol ecul es conpri sing nucl eic acid sequences together

cBripr P¥i NePTElATaRY BECATEINBLERR A LevfuidRcs  CTirhEr et
sqbhidly. I%Ha&%ﬂhﬁ@%ﬁ% EQC&V@UQS&@S@ gk Mvechamt
mnth respect to each other, erein said at |east

t Weagiplose L 18s cadeng wqoehumedllhtailal pbee@epsmtadeby an

a dlff n third _enhod

se‘?ftﬁence er%ggeﬁagbllf_{l E\%a c?sgtg @%(sf“o %grn?e¥%b YEFE feaSt
cedin)g ssetleneespadfRrdbly nikededyt poarh ngtibemor a
single nucleic acid nol ecule, wherein said El A and at

|ea%ﬁereﬁéy Gt €ReSEIIB &BdilRgtsBERiGTERLY (BbVrtisIdf P Hiky
wye@%n%@&iaﬁﬁ b%{b ELB ié?%egoﬁec%e F&:%)rséf €ell (see

separ at ed” by a | east 4 preferab y at | east 6 kb,
ner@ prefiekaldl ynatFJJgeaét 3 Ikxbptkmzq fwhbxrdsr ehpr*elfleqdabl y

0 nor e fer I ast 5. kb
b SBRke e orye s i ns IRt S0 EREFAPHE B eRERGinanl
heretdiueefieringd & prsuspaceel oa{ aﬁhgié efuclBiJ@|£j:Ld
acid. The spacer nuclelc aci d sequenc

aBRRfIAG e bR CHE &P h eowrsae%é‘f esFiL%sﬂngsEa%é@ﬁ B

| B B8 5kOE o SRAC SE bS] Cat@Qilst SRAYENGRS e umree coding
particul ar said sequence | acks El A and ElI B codi ng

se@fmm@es bencalyf pepdiited lup a4t 1eamist kin (smbpdaferitnBalon or
U ces C er ul at or C
1
t%% a%q wel 0|y gﬁ% d%rrEn S%Né) ﬁlgnr%:oge cfe% ggléue‘?no%cu es
i ﬁmmﬂlwaéel theskeasuld fbhe aslsuhdgw rpelson atch‘latmdmecane
equi val ent variant of the third ,
would form ‘molecule A’ (embodiment 3b). In certain aspects of
the third embodiment, there are no substantially overlapping
sequences between the spacer nucleic acids flanking E1A and
E1B, nor in the regulatory sequences for the EIA and EIB
coding sequences, in order to reduce the chance of interaction
and possible homologous recombination between these separated

sequences.

Recombinant molecules encoding E1A and EI1B.

In one aspect, the invention provides a recombinant molecule
comprising nucleic acid sequences encoding the adenoviral E1A
proteins and at least one adenoviral E1B protein,
characterized in that said nucleic acid sequence encoding E1A
proteins and said nucleic acid sequence encoding at least one
E1B protein are separated by at least 4 kb, preferably at
least 10 kb, more preferably at least 34.5 kb. Such a molecule

may be used in the method according to the invention to



enbodi nent, said ElA and at | east one of the EIB
codi ng sequences may be present on different nucleic

w@eiod/osask@ecul es i nstead of on one nol ecul e ( SERCEEPR2004/052428

Fig. 13 1, Il, and for instance exanple 3), as long as
the sequences are still separated by at |east the

i ndi cat ed di stance when said different nucleic acid

mol ecul es woul d forma singlg nolecule, 21 e.g. by
(honol ogous) reconbination or |igation or end-to-end

j oi nin The idea is that also in such a case the El A
aAPAETR Y ChES BBOEBHID FOsBRIEATEN N SEFh o pelecule

sgRAraLed, by, alg% t tkﬂo‘}ﬁg'tl?pjﬁl‘?é ge;acQ!)ﬁ( sektllhgélslt lﬁﬁe art,

nore prefer east still nore preferably
atud¢east a Mahm;dstadsmldrprkacpeeiae]r atbtnyartlallea]snonmsmt(@,

preferahbly at |east 34.5 kb, when integrating
FE@% Fﬁg @Ehgﬁ%eof the precursor cell (see e.g.
5 eXAn eqdi@énki gnbodijent,| Ntot Hiesl seopsksibllberd Makd said
enmbodi ment _of the invention can therefore be perforned

byl anat FHRIREPRELR AnGOdiNt @uarest a6ef | 1 tdphby @resent as
Elg aerlagearﬁ l(ec L§C§ Elil(B_ c@&é‘i} a@ 2) %‘H?'lﬁg ckp&hie

K an 5K codi ng sequences at Teast
tmb:htmnm@sesuhgb@rm@ecmgaieqhemﬂe@ObeHﬁQOQEp&ﬂaped by

% ast 4 . mbo nentqﬁ% é or eg 01n X and

t¥ dﬁefrﬁf p%ﬁl E°H ?%9?§d|8 e U e% hat’

10 \/\431&13@ tikesersayl ehd:yrara &i ngbecthusl ehe avedt el eeul e
woul d form nol ecul e (enbodi nent 3b) , In_certain

aEb‘é‘E{d§ dfsatheft l@aéﬁb*am RBRtelq ﬁé%‘é ML ECREES

bd.anthal | QVI‘?LE&%QE' 8 S %99@&1?1%5 eﬁ%d%%ntﬂ@%lﬁpacef
nuclelc acids flanking ElA and EI'B, nor in the

r peiedner 9 seqaderowy rier VthleeeEm maaddmatlEleo@mﬁg molecule
SEALSICTRa) B Bl QLIRS A TS Ol puciec
15 b@&ﬂ@%@qﬁé‘t&&eoﬁel@cai}ﬁtsede§€tﬁue5]ﬁf$m coding sequence, said
spacer nucleic acid not encoding an E1B protein; and b) a
nucleic acid molecule encoding an EIB protein of an
adenovirus, wherein said nucleic acid molecule has at least 5
kb, preferably at least 17 kb of spacer nucleic acid sequence
20 on both sides of said EIB coding sequence, said spacer nucleic
acid not encoding an ElA protein. Said spacer nucleic acid may
be any other nucleic acid, and preferably is chosen such that
it is inert, i.e. does not contain coding sequences,
preferably no known regulatory elements, no highly repeated
25 regions that may lead to chromosomal instability, and the
like. Preferably, said spacer nucleic acid sequence flanking
E1A encoding sequences does not contain substantial homology
with said spacer nucleic acid sequence flanking an E1B protein
encoding sequence. The spacer fragment may include regulatory

30 sequences of the ElA or E1B expression cassettes, such as a

heterologous promoter and/or polyadenylation site.



Reconbi nant nol ecul es encoding ElIA and EIB. In one
aspect, the invention provides a reconbi nant nol ecul e
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adenoviral El A proteins and at | east one adenovira
El B protein, characterized in that said nucleic acid
sequence encodi ng ElI A proteins and said nucleic acid
sequence encoding at |east ope EIB protein are
separated by at least 4 kb, preferably at |east 10 kb,
nore preferably at |east 34.5 kb. Such a nol ecul e may
b&} PEAPRFFELRA ?lfet%dr%%‘é‘&iaﬁﬁb ModePRkeS AR ehtosh E22
ggnenatecdMentehl 1 BECOEHNAH AfethdRAELOIEs BUEh: A
nol ecufe may take “various fornms known to the person
skitduddri formhelmrdertgim rspechs pltdenieiorbosaitd molecules
ba terial artificial chrono Y. and the I|k

F & %llva e% °8 od¢ﬁenf&ﬁeer?§hg]Q%h%%ggyﬁﬁ ﬁ%v
saraiqubAtmd oEI Bpretenrsaneedi ngnesc!wiiehadd @enerally
initially present as separate nol ecul es. Such

nBPEsc GEEECHPRY BN dRBRPRY MedeediRpEe d%sefior%%l}?&rézatlon
shagl:e Ml QeHke Ry e@%@&&g%ysd{&%%@h r@t ‘tﬁé"réc'oﬁiﬁiﬁé%ﬁ
sit'e-specific reconbination; end-to-end joining, and
theldaulte. wilth pge tdxemete)r@narﬁna@pte@“esbﬂ‘ldthen i AMEFMES OrRS
tp pro |d g8 2 sgt ofklil(f%%tttmo nucl eic acid

?ecul%s coﬁﬁ 7% |ﬁg a uc?elg acid nol ecul e
encodi ng the El A proteins of an adenovirus, wherein
sald nuclelc %Cld nDIecuIe has at Ieast 5kb

‘ 5 &

s&ggﬁmg@l&mfboth75|des of sald El A cod{ng sequence,
nucl ei ¢ acid not encoding an El B protein;
aWitdat@vrr athmmE@bamlaml of rqﬂn@calt@geﬁ@wuﬁgtbﬁ ghisgnce of

PLALa o, B0:PAIRKLLS, (RLA SRS cl Bl
Oidéﬂ@&ﬁfﬁs,ndtl£5(11aeﬂﬁ Ehﬂiuen@eflrst step in this process
is an integration event of El sequences from the genome of the
packaging cell into the virus genome. To accommodate for these
extra sequences, the virus must subsequently delete adenovirus
sequences (Murakami et al, 2002). This step may be more
efficient when inverted repeats are present (Steinwaerder et
al, 1999). The PER.C6® cell line contains in its genome several
repeats of the pIG.EI1A.E1B plasmid that was used for the
generation of the cell line, some of which repeats are in
inverted orientation with respect to each other. Hence, the
presence of inverted repeats of the El region in the genome of
PER.C6% cells may influence the frequency of generating HDEP.
It should be noted that the formation of HDEP particles could
also occur in other adenovirus packaging cell lines but in
such cell lines goes undetected due to the appearance of
classical RCA. The absence of El sequences in inverted repeat
orientation in packaging cell lines will likely result in a

lower frequency or even complete absence of generation of HDEP



woewsess2aci d may be any other nucleic acid, aPCI/EP2004/052428

10

15

20

25

30

on both sides of said El B coding sequence, said spacer
nucl ei ¢ acid not encoding an El A protein. Said spacer

preferably is chosen such that it is inert, i.e. does
not contain codi ng sequences, preferably no known

regul atory el enments, no highly repeated regions that
may | ead to chronmpbsonal instgpility, and the I|ike.
Preferably, said spacer nucleic acid sequence fl anking
El A encodi ng sequences does not contain substanti al
hBhen GeFoWP RIS ar P OFAERY ISuBF ¥PaIaAEH Pl SYGRRACkaging
fLapki ng an EI B protein encodi ng sequence. The spacer
fragnent may include regul atory sequences of the El A
oWhéll Begxpeklsdiioas caspet oy, ES uctyiagsaithdéheivlgsgous are

pronot er .and/ or pol yadenyl.ation site. 23 .Th
p?%%ﬂﬁ%@gdﬁfégofﬁﬁ H‘c%ﬁ%ﬂﬁ?ﬁ? %%1%@u%§§lﬁﬁl%iﬁb§?l%%h
usuaddsy tegnvierkenitartee fgches ratitwherhdhaat®l eyl esrect
are in circular form In certain aspects, the ,

r EeRAASISnaft q¥SPed uti@9lefintea AR O of! aEUPRCeS | Thekt
feﬁéﬁ}efEQESamaﬁ%p@&g dinchbe daanrsd el gRowiiet BEI1s, as well
precursor cell "I nes, ich 1s generally nore

ebf izimenhodhfor browiakingodegehesat@ing askih comprising

Li neari.zati.on may for instance be effected b

PR RL OF ERE e b I bt AUl 8 i ahe "SF % e
conviaiieend d$ept bf cddlent By yWeess askkAagwhvkeotédecpesison
skilled in the art. Cell Ilines !acking El sequences_in
| APERGLSANY et EbriSONEast on TROWEREREL OF FFOMECHa i Shtof

0eaRsAkiRY dddEBviAud B ahaRMAEEs Ofn SWESEAMMER! yHRYREL Afhid
bet ween packagi ng cell and reconbi nant™ adenovirus, it
i Bl | decmbycehdnclinde fatr $east opei undiiignpk sopgscf $hankEla
808 oohlz Lo ds0 stsan o e genoma of
atkomzadat gl fsequéteseor part thereof are not present in the
form of inverted repeats in said genome. In this embodiment,
said cell is not a 293 cell or a derivative thereof. If
inverted repeats are present, preferably such inverted repeats
are not present within 10 kb in said cell, and for the present
invention inverted repeats with at least 10 kb of non-El
intervening sequence are not further considered inverted
repeats. The rationale is that when one copy of the El
sequence is integrated somewhere on a chromosome, and an
inverted copy would be integrated on the same chromosome but
at a distance large enough to prevent uptake of the whole
segment of DNA comprising both repeats in an adenovirus
particle, no problem is envisaged. Also when the distance is
such that uptake of the fragment is possible (i.e. 10 kb) the
duplication of the left end resulting from the inverted repeat
sequence gives a virus genome that is too large to be packaged

(exemplified in Fig. 13). The site of insertion of El

sequences in the virus genome is important for the final total
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extra sequences, the virus nust subsequently del ete
adenovi rus sequences (Miurakam et al, 2002) . This

present (Steinwaerder et al, 1999) . The PER C6(r)

cell line contains in its genone several repeats of
the pl GEIA EIB plasm d that was used for the
generation of the cell line,, sone of which repeats are

ininverted orientation with respect to each other.
Hence, the presence of inverted repeats of the El

r SHTR Ph Eie FGBRonE 6F PEROESHEHAL EBE|1DARES FHRM uence
t bﬁcgfp%‘?_rggf&y o alg%.rle'?:@ﬂaﬁguw qolrnﬁcsf%gnperer&ﬁ@g in

hat the tormation of HDEP p es could al so occur
| a mdkagahl‘i@rwmpm@gnpaekw wvgenetthe Eheetioot 13 mogactko

I d h f
I el S TR B e BHCe YT ARBEE AR, Bhae

r epsatt her inetinall| p&]&a@m@cfl@@gamgtm khéiieerniddn beked y
result in a |ower freguency or even con‘pl et e absence

of2¥Enésatl f on 6f (HEEPEANGHe §OPB B A E4BMRA Pus i s
PE 2RAGRLE He UL S g@%&%@ka&wgtgﬂ | SmaYh e RevsaicR |

| i nes conpri sing regions in their genone are
gémsruatled @rlafhos@rrlght eraly dupkiaftapre belddsig @sPebp I TR

Iones t.hat a%F i nverted repeat.s, but.rat heclgf
a

p@ﬁ TAke [k eséfgn?le?pe £ §FSeleh g n% e nesgﬁerrgltl on

oé cj?J 1s'equewma5eaéily §e1ﬁé‘t@ﬁ:@f BDEEPE&@;J.BS@Gﬂﬁe phsdild@e sites
i nvention to pravide cells, as_a nethod for

p?%\ﬁn&ueﬁaaafong@ﬁe%% ﬁgf]@éﬂml%t c% S%H‘ﬁg rgdehiovitPaf E

S@ﬂﬁ’lﬁn%gspa&&@raﬁi:é esrl'zéeﬂs 'lﬁm‘iﬁé’& A ds Mgl gggt ipckydes
a step of selecting cel | acki ng i nverted repeats
cohpimagi pgcleaml@gaeos@qg@n@é@s Thie |fmeémnqyn0§rmea‘e§l@

gl IR | 5100, BenoYLf U Lo S0HENGES, I N L ORI
fatmtEanabdﬂ@pye@iorishencﬂilrﬂy very well still be below
detection when that distance is much smaller then the
mentioned 18.5 kb.
The same reasoning holds true for direct insertion of EI1A and
E1B in the absence of inverted repeat sequences. In that case,
the total insertion in the genome of an adenovirus cannot bé
larger than 37.5 kb (including about 3 kb for the EI1A and EIB
region), but only when it inserts directly 3’ from the minimal
packaging signal. Therefore, when E1A and at least one of the
E1B coding sequences are separated by at least 34.5 kb in the
genome of the packaging cell, insertion of both of these
sequences into a recombinant adenovirus is prevented.
Furthermore, the whole adenovirus genome should then be
deleted in a subsequent step, which process may further be
much less efficient in the absence of inverted repeat
sequences (Steinwaerder et al, 1999). In any case,
irrespective of the presence of inverted El sequences in the

genome, the chance of generating particles containing E1A and
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repeats in said genone. In this enbodinent, said cel
iIs not a 293 cell or a derivative thereof. If inverted
repeats are present, preferably such inverted repeats
are not present within 10 kb,in said cell, and for the
present invention inverted repeats with at |east 10 kb

of non-El intervening sequence are not further
cBHE | SEEPBRCT 61 FRUCRE pears tha el A 3Pf Hall82p s qgapt the

\Aﬁfﬁ] c%ﬁ?n&%u@gﬁég]%rgl féﬁ%@?n%ﬂts 1h nﬁlfegg@ﬁ&% Hence

sonewher e” on ronbsone, and an inverted copy woul d
bén i qerég i atadbodnmertiss , s gl @hﬁomit@rtrelmﬁt ane afdE$Bance

Iar e enough to prevent f .t he nmept of

DTSR T e Soht SPBBERIS PR o SBAShakTPus vt PoRg:
noo piblienkld S neNé spraefle oﬂﬁ $8e Marlst hecdlisshgnge the
such that uptake of the fragment is possible (i.e

kBye3emé GUpIICEart off éfle%eh@ efireaiid  resficr PRy fﬁhSn#?% he

| r | S ViU IS
USSR by O

Theefgirebl of aansleseq@mce$ &Ele sepwrateésby ratt heasii AGskb and

genone tant for_the fi | nal ength o
PR ested 1 5 3 ncs R eeth dror o EHED e Iruketnat
lﬂl@@rtm@baétloﬁloﬁombﬂwprﬂfag@mmtga@amﬁm ﬁﬁagjmnh cell
results in a packagable enone increases when the
| A OYoRPHILINEEEOT & tﬁje JegREnetRl TEPRLHE YRReRE Off stk

Sbéﬁ Qf_Lné NSRIt hAMdeSiok Usls 3sf pipiiher 1Y ri‘e@[ﬁ!:e&’%%kéé}hﬁg
ignal then the insert can be as |arge as 18

(Km lEdgngl3J) cépyotdferEerﬂommeEth @ﬁddaEJqAneedtaa’cd lee@@@me
SSPURICE AbyaL Lo bRIB Dlnckapabla fpsaurlg o4l
patkagi Dy & gBaI }b. Mbbt SpnMeSamm, gRaN ddyatneds amsert
ogeparated by at least 34.5 kb. This will ensure that no single
integration of both EI1A and E1B derived from the genome of the
cell can result in the generation of HDEP. Obviously, as
indicated above, in certain equivalent embodiments, said ElA
and at least one E1B coding sequence are present on different
chromosomes of the genome of the cell.

Methods for screening generated clones for the presence of
inverted repeats of the El sequences are known to the person
skilled in the art, and may include PCR, Southern blotting,
restriction enzyme analysis, Fiber-FISH, and the like. Upon
generating cell clones using a plasmid containing the El
genes, such as the pIG.E1A.EIB plasmid (US patent 5,994,128),
clones can be first established, and in a screening round,
those clones lacking said inverted repeat are picked for
further use. The cells from the picked clones can then be

suitably used for the generation of recombinant adenovirus,

and it is expected that the frequency of generating HDEP on
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e.g. 17 kb will easily generate HDEPs since the
possi ble sites of integration of such a fragnment that

to 1.5 kb just 3 ' to the m ninmal packagi ng sequence.
Thus, the frequency of generation of HDEP w ||
decrease wth increasing distance between the El A and
El B coding regions and may very well still be bel ow
detecti on when that distance is nuch smaller then the

menti oned 18.5 kb. The sanme reasoni ng hol ds true for
dthed cerhsertildnPdsignAL Hratiy BLewe Tt RRT SHSBneRkSEHF) than
i nyerd.ed Eﬁa&e@ﬁ 38AUANCES:q ﬁvgp@éd ¢essatd.hec tof al
insertion in the genone o an adenovirus cannot be

I ahgmﬂfdrhaandfhes &ﬁpq@tneftnhengreﬂnnitl@V¢ailbortqIPQOEidE a

| B regi.on erts di rectl '

Poh Eb R pteR B A R 1 FREFL SoGLEERE Yo e
agen@ite,| enstacteei odd tihetie B seodimg ssqwemesmrr@t
separated by at least 34.5 kb in the genone of the

paéﬁwtngn 9 formsdr drBprie BepeRist 1bhe geincEsr
' @h %089’@3' fEﬁQt SROVIfsitt Sn PrseUBM LY. that are

Furt e adenovirus genonme shoul d t hen
beepmtaé:teedby ratalsalbsé@uéhtofsmep Ell\meqnerpmoces% negyto be
further be much less efficient i bsence of

| RO Ieor b ar VS TR FEBE (ot OF P abr e grot gab) B2
| Bn@NYLEC 88Queridekesfe Grieventofint b&i Proesens einobt i Mnesitt eb

El sequences in the genone, the chance_ of generatin
p&PP1RT @8T cHMNTENI HYy OBRARSRFSSE B géqlrattesis Lopie

r@g&@ﬁ%ev"ggr‘letalg% gbd“c%@@e@pﬂe@@ﬁ"@ AMNendfcHrbgo . 1n

coding sequences are further apart in the genone.
Hencdher mmbetimenh, eveicdredln sompeise EnAthaid agndmeasely

one of ElB_caqdi Se t )Jt st
4%%B.CBTbT G TOETS 128, AEHRRE Y iR

cebliserregoefididnyCaddi@virus pIX. Of course, a cell
comprising only one copy of said El sequences in its genome
should be expected to have a lower frequency (or even absence)

of HDEP generation.

Use of the cells

In another aspect, the invention provides a method for
generating recombinant adenovirus in the cells of the
invention. This will generate recombinant adenovirus batches
having a significantly reduced frequency of HDEP compared to
the batches produced on the systems known in the art,
preferably no HDEP at all. In particularly preferred
embodiments, the vector and packaging cell used for the
generation of said recombinant adenovirus lack substantial
sequence overlap (i.e. preferably less than 10 nt, or more
preferably no overlap at all), and preferably have no overlap,
thereby minimizing the chance of homologous recombination

between vector and sequences in the packaging cell, resulting
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present invention. In these enbodi nents, preferably
the El sequences are not present in the form of

separated by at least 15 kb and no inverted E

sequences are present, which will ensure that the
theoretical possibility of generating HDEP in such a
cell line by introduction of,Fl sequences fromthe
genone of said cell line into an adenovirus is
practically reduced to zero (see Fig. 13) . In other
efboliTHEnPRt chesi P EIng AR IO BT TR L oL AR DR
cQeing sequences are separated by at |east 18 kb, 20
kb, 25 kb, 30 kb. Mst preferably, said sequences are
séparattedbdyncaed| gmdt tB4. mewkloel Thipsowiddd enserdinghae the
no_sSi qﬂl e I{1nt e ratki> on of baot hhéEI A_»o%{}g .EC!nBO e]géc\é%girflgn m
tﬁ%vegne She" ot 2R ceelulse%anorr Esulq I'n tf € generation o
HOES: c i3V O URIsY rilesd icadl Cat qaoabmAes408 ), @ett 8o producing
equi val ent enbodi nents, said ElA and at | east one EIB

c 6%y (Gepyrrdeaevara préseins 88 IraPehteadhteho'dBmes
oh1rhssgenome of the cell. Methods for.screening
generated clones for the presence of inverted repeats
of the El sequences are known to the person skilled in

¢ 0€ 0t PR Dy b SraF 0510 SEFDI o S Aht TRS Fie

Uperctggaesatihagngelde olfofies tushsigena pb asyt drtioidadi bé ridre
the El genes, such as the pIG.EIA.EIB'glasnid (#g
pabesntignggit 798} Q4 dRekancenPpelefseteldt ShpsHagt the

aRdeddyida s e eBENGY RUNEncd 1088 Gr@NESed aoki Ag: sai d
inverted repeat are picked for further use. The cells

f gempnatéopi ak ale ctoliss cemrbe hiakebdroni amblcpnvgia@nt or
the _generatjon. re j V] . aB% [t i1s
A S R et L P
t peseaceebd somithe &€l 1si, gpudi @antdy, Rdees Adal, edddrs, Ad49
absent) than , ‘
etc, or combinations thereof, i.e. ELA from one serotype and
at least one of the E1B coding sequences from another serotype
(see e.g. WO 02/40665). It will also be clear that in many
other aspects the invention may be varied without departing
from the scope or the spirit thereof. The invention will now
be illustrated by the following examples, which should not be

construed to limit the scope thereof.

EXAMPLES
The practice of this invention will employ, unless otherwise
indicated, conventional techniques of molecular biology, cell
biology, and recombinant DNA, which are within the skill of
the art. See e.g. Sambrook, Fritsch and Maniatis, Molecular
Cloning: A Laboratory Manual, 2" edition, 1989; Current
Protocols in Molecular Biology, Ausubel FM, et al, eds, 1987;
the series Methods in Enzymology (Academic Press, Inc.); PCR2:
A Practical Approach, MacPherson MJ, Hams BD, Taylor GR, eds,
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in cells that do contain said inverted repeats. It is
t heref ore anot her aspect of the present invention to

codi ng sequences in its genone, characterized in that
said El sequences are not present in the form of
inverted repeats in said genone. For this aspect of
the present invention, sequepces that are separated by
at least 10 b of non-El sequence, are not to be

consi dered as inverted repeats. In a specific aspect,
saP® El A and EI B sequences are present in said genone
in at least two copies per genone. In one aspect, said
at least two copies conprise at |east two copies
pEs@EﬂE bn<&mer@hwmnm@bwewﬂﬁmeahbmheﬁledb@dﬁﬂ#ﬁﬂg sai d

cells elntelr nl t he
EFAP c,eéﬁl ﬁﬁlq’%eﬁf]g \r/\TEl%)e Eﬁ éogéﬁlﬁgences
encodimhg @@i@ﬂeve rmtsfpmbxogﬁalcemmpmamrﬂ o€ opriMmiagi Ng
onlihone copy of said El sequences in its

shell o byeadstisEated Blo9mase & F%ww%%ﬁ% nct()%e\gia%n
abse ﬁﬁ@legfo#@ﬁg er Ak i oabs & Plent e cahlspilm reglons .

anot her aspect, the invention provides a nethod for
g@herlailleﬁgOf memmnad@nwptwa Ant hiet ice b pBeadiion and

i nventio ener conbi nant a Vi
bat ctffeaélsﬁg OQV\f‘ealvgeng? ?%asﬁiug et &ggﬁl‘fele]quggn@fkqo#
HRER: Sempad exint Qet @, bawnempt@ﬁueed orpdshe myst ens
known in the art, preferably no HDEP at all. In
pAFRTHEF | KL Ay PEP e insd 2 ERFsIRREH s foF h%ra\;eém?a%ﬁa of

PRekagi g LR | THSeD BRI LR 98BEERLKOBE UpopBbsls is
reconbi nant adenovirus | ack substanti al sequence

ovewitaratied bypbefle FdBH| oK esd EMRudSEo atthoygh nr e
PHELFARL ndthaRY S 2R Bhofd kne A BERLCEABLLCS LGN
proteins, the whole region is usually referred to as the EIA

coding region, and in all embodiments the ‘El1A coding
sequence’ as used herein refers to the sequences encoding all
E1A proteins.

In rodent cells, the activity of ElA together with either E1B-
19K or 55K is sufficient for full transformation although
expression of both EIB proteins together is twice as efficient
(Gallimore et al., 1985; Rao et al., 1992). In human cells
however, the activity of the E1B-55K protein seems to be more
important given the observation that E1B-55K is indispensable
for the establishment of an immortal transformed cell line
(Gallimore et al., 1986). In adenovirus infection and virus
propagation the E1A proteins function in activation of the
adenovirus genes including E1B and other early regions
probably via interaction with the TATA-binding protein
(reviewed in Zantema and van der Eb, 1995). E1B-55K expression
is important in the late phase of infection for shut-off of

host protein synthesis and selective transport from the

conpri si ng adenovirus El A and BCBEP2004/052428
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El -containing particles (HDEP, RCA) . It is to be
noted that the new cells provided according to the

i nvention may al so be used for the production of
recombi nant proteins as descyj bed earlier (WO

00/ 63403), and for produci ng other (non- adenoviral)
viruses as described earlier (W 01/38362) .. It
beuglessr te dhenevpatlesh ekiirad-$nrodRe REAFCE Mt BFH@SS et

Sgiot ¥R 5°fplt168r nat yne oJ‘f98t6he A&%{&%@?ﬁ‘é?eé $hfPlare deleted

critical 'tothe inventfo i nst ance be
i Aivedilat 8by aMoeamedﬂeasedtnep&deaﬂ»anrah mﬂn-com@lﬁmentlng

sequences. that ar ed f |on e

BT GRn. Ui PR i PR o hy ot bhven on; ar By fans and
cempaskblgcMedhpt e iad ey inedssddiat £68 dranbeormation of
propagated on the cells, such as Ad5, Ad35, Adl|, Adl

D RRED Tebenato cea biATal Y orfd FE AT o] 1S deDkL 8 Bt bne
S d at | east one of the El B codi ng sequences
f?%ﬁ%g%%tﬁgr serotype (see e.g. WD 02/40665) . It wll
al so be clear that in many other aspects the invention

Sp! i Fok AP EO e AR GR a1 CRBW paT FRGEEr A e

bys the st ghdaisngrax anpl €sl1unai chermheub ﬂh@t pebﬁiaglng cell
construed to limt the scope thereof. EXAMPLES Th
PR} itE8 BICHRIBARtH\REREP B URi- | The MBS ~dsreRdnt 21~

E Wn$Bq 'ﬂgytgéiéghthﬁgr@ﬁﬂ&ﬁﬁQ”ﬁﬂsuﬁ%cfEHng@ﬁ@ Ofitial
cular bi ol ogy, cell biology, and recomnbi nant DNA,

mheqﬂmbanedvadehpm1xuﬁeaskl¢bleot0t¢ﬂmpéﬁmenﬁa§épélgﬁtlon of
W?E%%Eicﬁ@f&h fo%l%n%m%ec %ESOnI%% e%&%ﬁﬂémentlng (human)

cells but are not capable of autonomous replication. This
compleméntation is mediated by both EI1A and E1B-55K and
possibly E1B-19K functions. Thus, if the chance that both EIA
and E1B-55K (and preferably E1B-19K) functions end up in the
adenoviral vector is eliminated or reduced, then the formation
of HDEP will be eliminatéd or reduced.

Here we describe examples of functional plasmids
expressing either E1A, E1A and E1B-19K, E1B (E1B-19K + E1B-
55K) or E1B-55K that are used to generate adenoviral packaging
cell lines with E1A and E1B-55k regions separated from each

other.

Construct pIG.E1A.E1B (Fig. 14; SEQ.ID.NO. 1), containing the
Ad5-E1l region (nucl. 459-3510 of the Ad5 genome (Genbank Acc.
No. M73260) operatively linked to the human phosphoglycerate
kinase (PGK) promoter and hepatitis B virus poly-adenylation

sequence, has been described previously (US patent 5,994,128).
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(Academ c Press, Inc.); PCR2 : A Practical Approach,
MacPherson MJ, Hans BD, Tayl or GR, eds, 29 1995 .

Exanpl e 1. Generation of conplenenting cell Iines
using separate nucleic acids;encoding El A and EI B
proteins The conplete nor pho:f ogi cal transformati on of
primary cells by adenovirus El genes is the result of
t AeneXGHBPARE serpiitdteBI®fEBhe prot ei ns encoded by the

E&&zsad}@cg!iﬁlc{.%%ov'&‘ass 1he ¥ f'd? dé’{lohhsfggilfef R{AM BBk th

proteins i ytic in ect| in transformtion have
bBam:Idt ddi boveek bensiniélyat(ivavovide rasWdannensa kbndraguent

der Eb, .199 ite, 1995 1996). . Th El A
OFETh Ry BF R DUR 1 OF oot At KeEi G b Rary o
cedb InnuFhen eRIeomhdiantt i srC ke DIyaaf oAPOPLBSI Ssd1sted

counteracted by both E1B -19K and E1B-55K, al though by
df FagEieaht arfbiane SrFatapr HahighSTie EPIJ@Pert@@Fo?ﬁléﬁcodes

S?Yﬁfﬁ'rﬁgé@t %‘a@é fd“%lﬂ’hf’él% regi %1%5 e nJéH! dopterd£d

to as ng regio and in odi nent s
t he. BDA todidV§ SsequeheerdBagenses (h?enlearrk Reter®.t H7326d)
sequences encoding all ElA proteins. In rodent cells,
the activity of ElA together with either EIB- 19K or

S6éndmtsuhféLiconstfen but)rapansf ormation alt hough
expression of both El B proteins together is_ tw_c

efongbrapt RGELE N dége%ﬂed wigggibaRadnbtiraf . andléb%)
Iyea}mﬂgcslé %bh%%Et fe ia6tdvdd ¥rof gteaeagla%oééK

protein seens nore inportant given t
obsmrbratt apl . lﬁléﬂ ElBWSSFGJI®Stﬁ@|VSI¢éInEamIe aﬁ@rtrtelaéed with

el%iean%lwi %H%I;r{]et (ng %gil%@r§i%llaﬁg)ar£%f BLEITHECd k& | El>’ Ipirro]gruding
ends. DNA was then purified with the QIAquick PCR purification
kit (Qiagen) according to manufacturers instructions and
subsequently digested with Xbal. The resulting 913 bp fragment
containing the 3’ part of ElA and the E1B19K coding sequence
was isolated from gel as described. Ligation of the two
isolated fragments and transformation into DH50G-T1" cells
(Invitrogen) gave construct pIG.E1AB21 (Fig. 2). This
construct thus contains nt. 459 to 2253 from the Ad5 genome
(Genbank Acc. No. M73260) whereby the EI1A sequence is driven
by the PGK promoter and the E1B promoter drives the E1B-19K
gene.
The Ad5 E1B-19K gene is sometimes also referred to as the

Ad5 E1B-21K gene, because the predicted amino acid sequence
constitutes a 20.6 KD protein (for instance, several of the
plasmids and primers in this application have 21K as part of

their names).

Generation of construct pCR5B
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other early regions probably via interaction with the
TATA-bi nding protein (reviewed in Zantema and van der
Eb, 1995) . E1B-55K expression is inportant in the

| at e phase of infection for shut-off of host protein
synthesis and sel ective transport fromthe30 nucl eus

to the cytoplasmof viral -encoded proteins (Babiss et
ah conphgBet mongainig she AdPoBEY remdendias (hes deRsFathide
d I 518 - S r €At 0 HrOR
n%%%ogggfygheﬁt%%ggﬁﬁaﬁp%&ggﬁeIV?%Zgg?%—g&}%aéda andrﬂ)Eliferir,S
198Bfor-Thus -t BEGHMA Taad:CEl BGT SH¥A- 8H¢ diéedCPrIt ei ns

f f ti ' ,
cofiLIEROT R et WIBRESU Frs PRbReenieERnY EHiREe ro-s
cestes 10. Non-Homak DgP w3 Gl EenhE NENA @B taiplaesuddd Pro DNA

i ncorporation of El sequences fromthe cellul ar genone
oPolmerpae kERfichy) ca1q°riitD tPhBRRHAGHBT fran 08 PRus.

waup%esra@%%eggﬁm Jéhe&%%@%ag MRar i8S chhdh program

L
finall'y result fromthe initial reconbined adenovirus
awes #d°6 for Conphensntfot bpladchy i ¥h cotlehetr épt 1ot o

- deficiepnt yector,on non-conpl ting o I's
bEECHIE n (ﬁ cca(é%l% (?chlbqsoﬁgﬁoﬁs r%ef)??cla ggﬁ@&%ﬁ%
cenmiempnt aticomot s oedhated bye baish1E Ay and &l Bub5Kiied
and possibly E1B-19K functions. Thus, if th% chancek.
t REAIMSHENES RUZA ST BiEE K Nea RHAHHEFe PEhIRATET BEAGRY kit
f Qs i4Rtsd dhenaderavisaliaMeCttorSfrom the PCR
ell(?%dﬁat) eacti&gr l:éeduced, then the JT?E!or ngti on of HDEP wil |
beleliingi kat eftontagehededn ther rowendesef i Bé lesermifiees of
E%%&%?&rﬁglé lrrkaasg?\ég%@%)égg %S%[tggcgignggr Tl% ﬂ’blgl‘nﬁ QQGation
gave two orientations of the insert in the vector of which the
one with the largest fragment between the EcoRI site in the
(5') end of the insert and the EcoRI site in the vector was
arbitrarily chosen. This resulted in construct pCR5B. Correct
amplification of the target sequence (between Kpnl and EcoRI

sites) was verified by seqﬁencing.

Generation of construct pEIB

pCR5B was digested with KpnI and EcoRI and the 415 bp fragment
was isolated from gel using the QIAquick gel extraction kit
(Qiagen). Construct pIG.EIA.E1B was then also digested with
EcoRI and Kpnl and the resulting 5.2 kb vector fragment was

isolated from gel as above. Ligation of the isolated fragments
and transformation into DH50-T1® cells (Invitrogen) resulted in
construct pE1B (Fig. 3). The E1B sequence in this construct
constitutes nt. 1642 to 3510 from the Ad5 genome.
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55K) or E1B-55K that are used to generate adenoviral
packaging cell lines with EIl A and El B-55k regions

14; SEQ ID. NO 1), containing the Ad5-El region
(nucl. 459-3510 of the Ad5 genone (Genbank Ace. No.
M73260) operatively linked to the human

phosphogl ycerate ki nase (PGK); pronoter and hepatitis B
virus pol y-adenyl ati on sequence, has been descri bed
previously (US patent 5,994,128).31 Generation of

const Mhet tAralerni wH RSttt Opl ’é}eanﬁW\A%&n%H%twn

?r&?trjlg J.trﬂ]lc 9%1 | A E?N&tthhA&'kﬂd'evaPésJSQWﬁdc&Vstruct was

|ca on o e resulting 5 kb fragnment from gel
usmtg t@AEX [Herged, eprtimacy |kmmak|¢mb@@ragerx)eta@@oﬁﬂﬁRhg

to nuf act ur tructio i_gat 0 e

i §6 ]asté’ﬁr?rjaséﬁéﬁ? fﬁ? t?a%sggfg eG|o% |in o’SEF%{Eg and
copatent cedd Sibhéyiihr og@nmegave (BhkedElBAL) Figpplijpented
This construct contains nt. 459 to 1578 fromthe Ad5

gERoME 0B CasiarikankEvatg, FOEa2eByviGense Ry JRBeF G1Pco

capst Iyt I t e
R R A e L i e

Wastd1s Q|Oall@d)1\fAr/OﬂlgelusaSg almey eaP@onstynset pptBiBh AKE B
was digested with Bsr@ and treated with Kl enow enzyme
(K@Wl@ﬁ@g%b WCOFARRY teomHIUFAC L RFRF S5 LBt Py T8RS

Wag.f r\ﬁ%m@ﬁi‘%irﬁéf@l%éé“w%?@ QDAGUL o PER in a

UFTT1 catton Q agen) according to manufacturers
i msmoﬂmytemoms mdasmb@é@raerﬂdl}lsm@@stfeduwSthlt?WX@ai clepely

N N ORI R

gebpascsdeserdmrats chfg&traﬁglfcﬁﬁneah@ldnm tlsaiﬂ ated obtained
fragnments and transformation into DH5a-Tl cells
( PR t9965ep) W8y LB HSCELR1S pl G El AB21 (Fig. 2). This

The results confirm previous observations that primary cells
can be transformed with Ad5-E1A and E1B19K genes (pIG.E1AB21).
It should be noted that these foci were generally smaller than
the ones obtained with the transfection where the complete EIB
region was present. Also, after picking the foci resulting
from transfections with construct pIG.E1AB21 and seeding into
96-well plates, no sustained cell growth was obtained and all
cells died. In all other cases most of the picked foci
resulted in viable cell clones.
Since transfection with pIG.E1AB21 initially resulted in
transformed cells, it is possible to re-transfect the cells
with an E1B-55K expression construct, e.g. 5-10 days following
the first transfection. This ensures that cells are obtained
that have incorporated both expression cassettes on different
loci in the genome.

This experiment further confirms that it is possible to
generate and establish transformed cell clones by using two

separate plasmids for the E1A and E1B genes (pIG.ElA + pEIB).

Construct pl G El A BECBEPI04052428
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construct thus contains nt. 459 to 2253 fromthe Ad5
genone (Genbank Ace. No. M/3260) whereby the El A

pronoter drives the E1B-19K .gene. The Ad5 E1B-19K gene
Is sonetines also referred to as the Ad5 E1B- 21K gene,
because the predicted am no acid sequence constitutes
a 20.6 KD protein (for instapce, several of the
plasm ds and priners in this application have K as
part of their nanes) . Ceneration of cons ruct CRSB 2

PIHSVSEr RACBHARATHI AEPTHES AR Eiﬁp?§%§|8 ?En?n

9 t t
S0 Pl g Sy, AR (pnait st .

TigFombAAr ARGYBIG 18GL38' p¢SEQLE DEINCD 1Q§eml@|§|® Edky:amgt -

oF EPR: ErEoBNE d0% S ArE arth A TRA B0l yirer ase.

(ﬁolcshahya&ec@ﬁz&d@i 181 ARMrbané LS th neforuss ionsavsdtes
DMSO at 3% final concentration. The anplificatio

oPOGT ARPVERSEOR TSFBACSS hidRdt BEV NG TouEHIBYCS PV LtRs The

0 d r 2
PLod el 85,20 SACRREu B0, CIAL 20; 50000 B0AL T2 o

r s Ul pgommrbmrmrpbwa@@yﬂa*a@mﬁpoms) gaaudnced, Wy h

DR S PRI it 4 actloand Lignied

( &srrs&tragw @i th nt}teh@mr SSEMIB QéquSlhfcés emlﬁemﬁqo ok 9%
to manufacturers jinstructions. The qunté i O
GERAIANEBS Gtce AVEEIAREELY HNBTISYerP RFFVER %%38? ‘g?at

whichy theg qne tﬁ\é tfbxﬁggl$@roqe?£lferdagﬁﬁﬁgtu@§§ wesidt Béring
EcoRl site in the insert and the EcoR

sé tenohogdies vee@mlmsorarpmowaw 1Py chiesgher THids PoLyA
rggéﬂéh%g éék %8n§§éﬁpcﬁrgfj% %1yc%Hé’%%§ulatory sequences are
different from those from the transgenes in the recombinant
adenovirus that will be propagated on these cells. Obviously
this can only be determined when a given recombinant
adenovirus is propagated on these cells at a later stage and
will depend on the particular recombinant adenovirus. Hence it
is convenient to choose the regulatory sequence of such
transgenes later, such that they differ from those of the EI1A
and E1B sequences in the cells that are established by the
present invention. However, since many currently available
recombinant adenovirus vectors carry transgenes regulated by a
CMV promoter and an SV40 polyA sequence, the preferred
regulatory sequences for the EIA and E1B constructs as
exemplified herein are different from the CMV promoter and the
SV40 polyA sequence. In view of regulatory issues, further
these regulatory sequences are preferably not of viral origin.
To this end, the plasmids described above are further

modified as described below.



anplification of the target sequence (between Kpnl and
EcoRl sites) was verified by sequenci ng. Generation of

w@owsnsiied pEl B pCR5B was digested with Kpnl apdI/ERmBRI/052428
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and the 415 bp fragnment was isolated from gel using

the Q Aquick gel extraction kit (Q agen) . Construct

pl G El A EI B was then al so digested with EcoRl and Kpnl
and the resulting 5.2 kb vecjor fragnent was isol ated
fromgel as above. Ligation of the isol at ed fragnents
and transformation into DH5 -Tl cells nwtrogen)
r@%llﬁﬁ(aédofl Pl 6ABS FIVEE PES BlAraRd P8 EHHREIEl B sequence

[ e 6

e e e ﬁ&éaf‘?“w;g?]f%lh%@%“ew
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essi on.,co t Pri
éﬁ#h ke gl e s LSl ek Wice el R e
e(geQ Byl Ho et5)al Thd 382t 18B&h s afishes eadeTh iENACTI R itehekate

i n DVMEM medi um (G bco BRL) suppl enented with 10% heat
i A tUS3a0 R FBEE o lEBoraRs d8PHRG)( PESOr GNcBRBRIEF tUT S

69ns7t0r@c99§rt4 %%ecvvl&lel | 85 yar eohranshecd e d s hiso. t stal

using the CaPC* co-precipitation kit
(P@Rnptmggem)waace@tr dinng4 t® fvandfrictugeer & lilnwed bt Bons.

fS%‘fl%S og %‘r@ﬁ r ”%S%é’%ﬁes nggﬁslf\év%r Vleébl?c!ls aﬂé 72 °C

| ayer o mar ocus
shemacoaset@alks) yast hesenty mar phdoegy rmmmas edPth th
the primary cells. Table 11 glcts he anmounts of
{ FaHSfoPAel ¢ KBne @ REE GRTe 1 BBt HInEH iSHERSR 78T A

transfeetionso 1he dsgsyl tis @@H}EMWAEEGVNOOUQBMO) flanked
observatl ons that primary cells can be transforned

V\blf RS- EI'A and BRIBIOK3 gemwdse¢pl G El AB21) . It should
sneocto%g f’&? fralc_?rgenec gvg‘s: 'ge%ﬁ:gt&? rh%rlﬂ!;l}yrr?n@l %E.elr —%Q?nﬂlth

reverse primer: 5E1AB2l-rev: 5'- CGG GAT CCT CAT TCC CGA GGG
TCC AG-3’ (SEQ.ID.NO. 6), using the same conditions.

The resulting 1.8 kb fragment contains the ElA and EI1B-19K
sequence from Ad5 (nucleotide 459 to 2244 as in Genbank Acc.
No. M73260) flanked by EcoRI (5’) and BamHI (3’) sites. Both
PCR fragments were isolated from agarose gel, purified with
QIAEX II gel extraction kit (Qiagen) and cloned in a PCR
cloning vector; pCR-TOPOblunt (Invitrogen) and the sequence
was verified. The constructs were then digested with EcoRI and
BamHI and the insert fragments were isolated from gel using
the QIAEX II gel extraction kit (Qiagen) as above.

Each of the isolated fragments was then ligated into vector
pCC101 (see below) that was first digested with EcoRI and
BamHI and purified from gel as above. Transformation into
electro competent DH10B cells (Invitrogen) generated
constructs pCC.E1A (Fig. 4) and pCC.E1AB21 (Fig. 5). A
synthetic polyadenylation signal (SPA) is present in these



the ones obtained with the transfection where the
conplete El B region was present. Al so, after picking

W0 b@s5088320 resul ting fromtransfecti ons wi th coPGI/EP2ID4/052428
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pl G El AB21 and seeding into 96-well plates, no

sustai ned cell growh was obtained and all cells died.

In all other cases nost of the picked foci resulted in

viabl e cell clones. Since trgnsfection with plG El AB21

initially resulted in transforned cells, it is

possihle to re-transfect the cells with an E1B-55K

eaﬁ%géﬁomecr&ﬁgffl rirop, cengrust 1@?%?&;1361% Sleseht g £he"

fhsptosksansfection. This ensures that cells are

obtai ned t hat have incorporated both expression

cassettes on different loci in the genone. This

e nt confirnms that it is possible to

é%gFftéO%ﬁHygggﬁgllsh transforned cell clones by

u§@¢ﬂg)0t Wee s epabal arapl asqdsdedf e1ti keaEl Adantde HBuleres
|G EIA + pEIB) .34 However, because both plasm ds
Reary 5ﬁ%€f“2§éltteﬂa~°t FYELEERD AREM Bt APHNE TRS] @Té}% FE gel

sefuenee.Quek! ap {Rkasm dllla@@kbv@argepéa aﬂérdOH?ta@{n/eQPi )

, I't 1s possible that |ntegrat|on of EI A and El B too
ptiae e@ligotid esahded &c -1 :n S heCTHEFERBACCRATEGTHY be

a@‘ﬂ?@rﬁ? S que%ces?ﬁs 2o PR AT ERtost L oo ontY

and “having no seguence overl ap.

TI’(@@ eQURHCE)OVELIAR, CANPR T 85y d 1 §6AM1E68HHAL0E Ynixed
el ement s, such as the pronot ers and pol yadenyl ati on

(poity A) useuye NERS buliYetiS(NEG) daiid eriéhiQ rlegut@tofinal
sequences for the two expression constructs with the
EvalumedoEl B $dquBtrec 8dxtRicefiap ablarethet d8 Equechesvhi e

suf f.i ci dlver n r t. Qv a t? at coul
I ce%lotzllet%l %?he Cf or m:\tPl%gn}na hlﬁ%i ?(\é/(g&s n:%u%{l%er géf ou d &e )
duitd ra@naah@imllﬁg@mmaeetmmum@at@ tpr ohesisolAmd Xbal
pronot er and pol

digested fragment u51ng a 4x molar excess of linker over
fragment. The ligated DNA was purified with the QIAquick PCR
purification kit (Qiagen) according to manufacturers
instructions and digested with Xbal to remove self-ligated

vector DNA. Following heat-inactivation of the Xbal enzyme,
the mixture was then used to transform DH50-T1" competent cells

resulting in pCCl01 (Fig. 6).

Generation of pCCl00

Construct pCC271 (described in WO 02/40665) was digested with
EcoRI and PstI and the 3 kb vector fragment was isolated from
gel as described above. A linker was prepared by annealing
oligonucleotide EcoPst-3: 5’'- AAT TGA TAT CGA ATT CGC CGA GCT
CGT AAG CTT GGA TCC CTG CA-3' (SEQ.ID.NO. 9) with
oligonucleotide EcoPst-4: 5’'- GGG ATC CAA GCT TAC GAG CTC GGC
GAA TTC GAT ATC-3' (SEQ.ID.NO. 10). Hereto, oligonucleotides

were mixed as described above and annealed by incubation at
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sequence can be used. Preferably the regul atory
sequences are different fromthose fromthe transgenes

on these cells. Oobviously this can only be determ ned
when a given reconbi nant adenovirus i s propagated on
these cells at a later stage and will depend on the
parti cul ar reconbi nant adenoy}rus. Hence it is
conveni ent to choose the regul atory sequence of such

trap sgfenes later, such that they differ fromthose of
t Re EITATaAduiHuBes ecifoRcBer (39 Bhantes| pad t1egR emperature

est ab) Ihﬁg?dmfé;ltsafa %&&!of @ dr@Nya QR el s a%acteo

many current aval Ie reco nant adenovir

Vegteyss aaacd ded bADNGE @maswaeg@b@ﬁ@;d 1By o apHEMWT PY @amp@trent
and_an SV40 pol yA sequence, the preferred regul atory
sEgbknEesu oot he ENAtaRet EC8lednst ruct s as
exenplified herein are different fromthe CW pronoter
and the SV40 pol yA sequence. In view of regulatory

i SspmsitibarehecCehgse regul atory sequences are

P LAt illy  Boaimovaf il ndn e et ai dBor end

d€§e§r[ lbb@ﬁt&ﬁlvﬁwrl%léi@meémyn@n 061 1cBat b GlurpEledth An anidh
pCC. El AB21 The El A sequence was anplified with the

f BTABHiCkgP Pt invsi §1caE oA For QBaQeWW TOEEIC GT

T@% Xs%'ég'r& C%%CSNA}I'&F)I C-fCI\IQRRAfl 1 5901 ?)gs%&orre¥ra.u§n5e)n.tc&r§e %Il%

r a0t iagproes ggdnesiy ph& HABXELB dednpkiatastDNA kigi ng

G offl TBGEL 07 v ATV HEE BEnBAE Rt R ot Jon

DVEAT, TheufeR Rk ogradmvasesghe OdndduCi fi9d 2P nitkes
foll ovved %PHSO cycl es of 94 C for 30 seconds, 58 C
f BFABYE ckeRhdardhirarsor IFJcFr QQW%GOEEQC’Wﬁﬁdeéﬁdé@CW

78; o dtQbn 8y /BNYEES -anlh€solation of the 350bp fragment from
agarose gel. The fragments were then ligated and transformed
into chemical competent STBL-2 cells (Invitrogen), resulting

in pCC200 (Fig. 15).

Generation of pCCl05

Construct pCCl05 contains the human PGK promoter and a poly-
adenylation sequence derived from the human COL1A2 gene.
First, the COL1A2 poly-adenylation sequence (Natalizio et al.,
2002) was amplified by PCR from human genomic DNA as described
by the authors using recombinant Tag polymerase (Invitrogen)
and primers COL1A2F: 5’- CAG CTA GCC TGC AGG AAG TAT GCA GAT
TAT TTG -3’ (SEQ.ID.NO. 11) and COLl1AZR-sal: 5'- ACA CGT CGA
CGG CTG GTA GAG ATG C -3' (SEQ.ID.NO. 12).

Herewith the published sequence is extended at the 5'-end by a
SbfI restriction sequence and at the 3’- end by a Sall
restriction sequence. The resulting PCR fragment was cloned

into pCR-TOPO-TA using the pCR-TOPO4 TA cloning kit

be prRPEHER10041052428



resulting 1.2 kb fragnent contains the El A sequence
from Ad5 (nucl eotide 459 to 1655 as in Genbank Ace.

WONR00sWFB260) fl anked by EcoRl (5') and BanH (BCH/EP2004/052428

10

15

20

25

30

sites. A second PCR fragnment was generated using
primer 5E1A-For with reverse priner: 5El AB21-rev: 5'-
CGG GAT CCT CAT TCC CGA GGG TCC AG 3' (SEQ I D.NO. 6),
usi ng the sanme conditions. The resulting . kb fragment
contains the El A and E1B- 19K sequence from Ad5

(nucl eotide 459 to 2244 as in Genbank Ace. No. M/3260)
f I BRidddoBsnIEc BRECY rer 1akeR BapHPE (te) 1a§qrésdy B%ﬁ%epmg '

f I

o T RS o T B e M PR RORE cPl I Che
| digeRERn chidhi BYfVectdosal PCRaTGRGHIfIRG Wilthvthe dgéayick
and the ence s, verifli e The st.ruct
PR g £ i FPE EOS RSt o LA (e § FRaiER pecton
fwagrm@bscjy@és@eusm@i edrf rom g@iz MFoNGoddie b fEX | |
gel extraction kit \g§§a gen) as above. Each of the

| sbpeirerho¥ergmentie St%ﬁfepitgjétfé@gmﬁ@fow\aéc%%laﬁ ey fgom
Baﬁ%%ﬁ&%l 4 Jﬂ?‘ﬁ?e fl%5§t idl 985 cgl%‘i )Wt BE gﬂtoand

pur rom ge as above. rans ormation
| mbuou fElceat € s aoapemcsntonE)HII(EBscedact‘rsar( lfna/qnterntbgeafs llgated

generated constr El A 4 nd ABZ
CBP ot pur ERTR) FOELR R “Heint iyt et bn e RO sAs
PE eSO ringd tﬁbeéﬁ&éld%dlagem&eﬁdemmd ts1am QDﬁkSittrrlcbgén
pCC271 as described in WO 02/ 40665) . Generation of

p&r i9apecr oot 8 BEPonytdrad) di gested with Xbal and
the resulting linear fragment was purified from gel

ugbid-d:hen @ AB%cbhs gel extraction kit as above. A
| i nker was preépared by annealing the oligonucleotides

XConttruct' pCCPAGRTCEACCANT FGogstion of pCC200 with Sall and
EcoRI, followed by purification of the 4225 nt vector fragment

from agarose gel, using QIAEX II gel extraction kit (Qiagen).
In parallel, the 310 nt COL1A2 polyA was isolated from
construct pCCl05 by digestion with EcoRI and Sall, followed by
gel electrophoresis and purification of the fragment using the
QIAEX II gel extraction kit. The two fragments were then
ligated in equimolar amounts and transformed to DH50-Tlr,

resulting in pCC205 (Fig. 16).

Cloning of pCC.55Kcol

Vector pCC205 is used for the construction of a plasmid
expressing the Ad5 E1B-55k protein. Hereto, a PCR product is
generated using the following primers: 55KforE: 5’-GGA ATT CGC
CAC CAT GGA GCG AAG AAA CCC ATC TGA-3’ (SEQ.ID.NO. 13) and
55KrevB: 5’-gga tcc TCA ATC TGT ATC TTC ATC GCT AGA GCC-3'
(SEQ.ID.NO. 14). PCR is performed with Pwo DNA polymerase
according to the manufacturers protocol in the presence of 3%

DMSO. The amplification is done on pIG.EI1A.EIB and the program



(SEQID.NO 7) with X-SM2: 5'- CTAGCAATTGGICGAC- 3'
(SEQ ID.NO 8). Hereto, 1 ng of each oligonucl eotide

wor®sosdsed with 2 m 10k NEB2 buffer (NEB) and PCT/EPIQ04052428
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Oto a final volunme of 20 mM . The m xture was pl aced
at 98 and slowy cooled to 4C in a PCR machi ne
(cooling rate of 2 C/ mnute) . The anneal ed |i nker
was then ligated to the isolated Xbal digested
fragnent using a 4x nol ar excess of I|inker over
fragment. The ligated DNA was_purified with t

Q- ARFECRD ﬁéRCpﬁ?lr 4 BADLVERP L@Pilqvgdae}énéo g&e%%ﬂ#g pHC
”E&W%@Céé&fcﬁ{dé |t ug&f%sggl%ﬁ gﬁﬁt@d oW by Mpaked fhas)

renove se |gate vect or oW ng
herai anda@thwaﬂl oh fofr 8heindtak . dirymesulitiegm Xt0ube was

t f t ent I l.s
BHERES §Rohbl E R s ELRr aenEE S 2Py to
Cosst rrueh 4HECRdY Jdrsaté batei AradeQ2/ ﬂeo@ﬁﬁfmis with the

digested with EcoRI and Pstl and the_ 3 kb vector
f pHApvaRE RS Prebfigaddor b é@m@ dedigeished HidyECOR

I t
E%%H;;%t m Sfo%SQ@cE %%Gg&T Zél_lré ;‘EA}%%%E!LQ%%C%@ fe%%valAAoé

Ce @@AaW@Ce@dts A3’ f(@E@nltDLmheg)pwnfhed from agarose

oL 9onuc) ot de. Frobst 4 é@e@ﬂ? AIG 944 %Jﬁ?cgc%%,

okhigante! £l degesmbewitixedors adﬁlSBémIﬂedmab;Ds/cﬁ_aan from
anneal ed by incubation at37 98 C for 2 mnutes, 65 C
f%‘?ar@éen??ﬂutaésd%?ﬁflp%nﬁ%fﬁpe%ﬁ dreatigm piprere ighe

I @far%tfegméfcﬁ%ozehénﬁ%%egct f@@%nﬁ hemrbi gatigd g@vﬁa&%eéﬁ
anneal ed oligo and trans d into DH5a- conpét ent

ceddud ting ulnt cpgstimctonst rarEcop OELQO, 8)Gener at i on of
pCC200 Pl asm d pBR322 (GenBank J01749.1) was di gested
with EcoRl and

Cloning of pIG.EI1B

A PCR fragment was generated with Pwo DNA polymerase (Roche)
according to manufacturer’s instruction in the presence of 3%
DMSO. The following primers were used in the amplification
reaction: 5E1Bstart: 5’-GGA ATT CCT CAT GGA GGC TTG GG-3'
(SEQ.ID.NO. 15) and 5El1Brev2: 5'-GTG TCT CAC AAC CGC TCT C -3’
(SEQ.ID.NO. 16). The amplification was done on pIG.ELA.E1B and
the program was set on 94°C for 2 minutes followed by 5 cycles
of (94°C for 30 seconds, 56 °C for 30 seconds and 72 °C for 60
seconds) thése cycles were then followed by another 35 cycles
(94°C for 30 seconds, 60 °C for 30 seconds and 72 °C for 60
seconds) and ended by 68 °C for 8 minutes. The 390 nt PCR
fragment was then digested with KpnI and EcoRI resulting in a
347 nt fragment that was isolated from agarose gel using the
QIAEX II Gel Extraction Kit (Qiagen).

This fragment was then ligated to the 5713 bp pIG.ELA.EIB
vector fragment resulting from digestion with KpnI and

partially with EcoRI, subsequent isolation from gel and
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then blunted with Kl enow enzyne, followed by
purification with Q Aquick PCR purification kit

4150 bp vector fragnment was isol ated from agarose gel
using the QAEX Il gel extraction kit (Qagen) . In
paral lel, construct pCOd OO was di gested with BsaAl,
blunted with Kl enow enzyme apd purified with the

Q Aquick PCR purification kit (Q agen) , followed by a
second digestion with Xbal and isolation of the 350bp

FREGHRAE Titont ByA858 HeldelTRE-Tackgfrertd WRIwDhe PR
| Lpptadnandel panshor e Lako-ohem ¢al, campetany STEL-2

hvitrogen) , resulting i n pCC200 (Fig.  15)
Gemn@leabnbrsmm pCE105, Ooaffsilrtuncy mﬂﬁme@l@@mialp@ Ehe (Fig.

P t |.at
4T oab- R RRPRE Tufhn BlLAS o B Pl A SR
poI y adenyl ati on sequence (Natalizio et al., 2002) was

nPI i fied by PCR from human genomi c DNA as descri bed
b§larHagaef MSFsELEIHg reconbi nant Tag pol yner ase

e e e e e L PN o

Cift AZR- B} coBing ACAUSBTe CGALERE aEMBI GTA . @I@Q&T@SC 3'
SRBRIEN T RS DGy 2 b1V PRkt PT o CbgTerie

anghiatetihey %Ri Nt th¥phoRaiik &@SiurCEidan f&@m@mese The
resulting P 8rrent was cloned into pCR-TOP

usi iy thReSerERle ITARIGAL hp sk PPIEE « pﬁ@ﬁ%&ew -E1B
eﬂéleﬁegigd é%dotuah%nﬁsm E%XR?%%‘&GBEé rt917bhhe

i nsert s I1solated fromthe TOPO vect or
dfngaemenbnls/\nltstmlﬁtﬁ‘d fapd Iand antifted fiisd Wie RIbweick

t @q EWPE?_R r%f IQC::Lgctgler?)n 1ga i%n %%”ths 1ns£r%r %Hieilhe
isolated pCC.55Kcol vector fragment and transformation into
STBL2 cells gives construct pCC.EI1Bcol (Fig. 10). This
construct contains nt. 1711 to 3510 from the AdS genome

sequernce.

Cloning of pEC.EIB

The Human Elongation Factor 1-0 promoter (EFl-a) is isolated
from plasmid pEF/myc/nuc (Invitrogen) by digestion with EcoRI
and PmlI. After digestion the fragment is blunted with Klenow
enzyme and the 1183 nt EFl-o promoter fragment is then
isolated by gel electrophoresis and purified with the
GeneCleanII kit (Biol0l). In parallel, the vector pCC.EIBcol
is digested with BstXI, followed by T4 DNA polymerase
treatment to make the ends blunt and purified over a PCR
purification column (Qiagen). Then a second digestion is
performed with EcoRV, followed by gel electrophoresis. The
5827 nt vector fragment is then purified with the GeneCleanIl

After a second digestion w th Nhel PCT/AR2004/052428



was al so digested wwth Sbfl and Sail, followed by gel
el ectrophoresis. The 2965 bp vector fragnent was

w0 s@bmsmpeb from agarose gel using Gened ean Ki t PCBEP100)/)52428
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according to manufacturers instructions. This vector
fragnent was ligated to the purified COLI A2pA fragnent
i n equinolar anmounts and transforned to chem cal
conmpetent STBL-2 cells (I nwz}rogen) . This gave

plasm d pCCl05 (Fig. 7) . Generatl on of pCC205
Construct pCC205 was made by digestion of pCC200 with
Skit @ndlEdoRBetl dihleoWBd-thyf rpomerfti eadiwetof fmmmzs—ire

LS Ere et ERTAR srcPRaR =S TPk & dr T TR0

O@Aéﬁ%amow@e\a@ﬁtimtat ek 1f oM GARSbEAOL, Wﬁ)@ﬁ@ebﬁt’lts in
di gestion with EcoRl and Sail, foll owed

el e phit SECsEHhd Fpdr i ¥1)c absbrecatathe tﬁlﬁa@%@nt‘\d@sﬁ%
the ugn’égxa% mgp‘l dp%ﬁfdrggé'ﬂ%cgit The two fragments

Tt hen i gate ul nolar anpbunts and transforned
to DH5 -Tlr, resulting in pCC205 (Fig. 16) . Coning

0 CC. 55Kco tor pCC205 is used for the
c%ﬁ&lﬁgc?foor?lco}’/gg pl asni d expressing the Ad5 El B- 55k
prigd &viao pleieter W sPelp Prfaducirds pgeNefaahed pisishgd tie
follow ng prinmers: 55KforE: 5 -GGA ATT CGC CAC CAT GGA

GUoVAAS e broisirg TeperdingsEdqaDPND POLITe Hve
G@é@\é? %éué gga N6%C fIfﬁwéég gﬁ%ﬁl’c dfe '%ZE%G%T éﬁécm

s performed w t
pelTly PBM aGEs a?@éoTGjE 16§ Gt BCA IG@“WMGJB&CKSIE@H@ motldao&nd n

ot GOEFRTERE 4ndoThe hr ot g 15 cer “oh 6 1% 5795 "

mang.es. fiol l1enedriy agpl Liicheso®fprogfarke Waer s80 ssecotSor
620 mcinfuggs Sf%lslgv%gé]%ii gnéjYC?lZeSCOEor 98 J‘:Sc?rc%r(}dggconds, 48 °C
for 30 seconds and 72 °C for 45 seconds) then 25 additional
cycles of (94°C for 30 seconds, 58 °C for 30 seconds and 72 °C
for 45 seconds) and ended by 68 °C for 8 minutes. The
resulting 357 bp amplified fragment (nucleotide 266 to -71
from SV40 sequence GenBank Acc. No. J02400) was isolated from
agarose gel with the QIAEX II gel extraction kit (Qiagen).
This fragment was then cloned into pCR-TOPO, using the PCR
TOPO4blunt cloning kit (Invitrogen). After sequence
verification, the 357bp insert was isolated from the TOPO
vector by digestion with EcoRI and SpeI, and isolated from
agarose gel with the QIAEX II gel extraction kit (Qiagen). In
parallel, the plasmid pCC.55Kcol (which has a pBR322-backbone)
is digested with AvrII and EcoRI, followed by gel
electrophoresis. The 5508 nt vector fragment is isolated from
gel as described above and ligated in equimolar amount to the

digested PCR fragment. The ligation mixture is transformed

into chemical competent STBL-2 cells resulting in the -plasmid



and ended by 72 C for 8 mnutes. The resulting 1510 bp
anplified fragnent contains the E1B-55K sequence nt.

wWQ@Rm9/083328510 fromthe A5 sequence. The fragneCi/EPR04/052428
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purified with the Q Aquick PCR purification kit

(Q agen) , digested with EcoRI and BanH foll owed by
gel electrophoresis for the renoval of the cleaved
ends. This fragment is then purified from agarose gel
using the GeneC eanll kit (Biold) and ligated to
pCC205, which is also digested with EcoRl__and BanH
apReC 598 afnt flednihafacesiaigsl the d88chihEdBabdy ecaugire

| Lgat | ] e is transformed to chem cal conpetent
S%’%y ggﬂ% %%Vi trogen) resulting in construct

pCC. 55Kcol (Fig. 8). Coning of plGEI B A PCR fragnent

was generated with ol yner ase_(Roche

accor djionﬁe?eoraﬁﬁnﬁ?%{g?ﬁpgw (ﬁﬁg%/? u%tof“o?élinﬁrtyh%mprcg%lesﬂce
obuB %rARbh t sThent 2110w gk RLLABS S Aer €xpieedidm dabsett
anl'gl i ficat itosn rgact ilogﬂ: 5EI_EE)§§?§EEI :a 5' - %G%% lATT CCTe C:'Ié
Gere deelatey deo' 9¢ISER e mINDinablongAf SRICBLerRingg’ VeSFEQr
T : -3 ol ;
AT R T n s dortd B TCT ATEE At Pne raar i
wasrset, poC FLACahdrpCZ . Rixkitlesré aligewedd byith Bsadilesndf

(94. C for 3Q seconds, 56 C for 30 secon and 72 C. for
557 50008 o dBae Ll AT LT LT Do ah 3 ARG Ko™
3§L@¥ﬁla%5a§f%lra@uﬁ o[sc3QesecamdsscrafR1C) f &fcol@isgarnds

and 72 C for 60 seconds) and ended by 68 C for 8

niaRitfesturers 300t HLCIPERS f (TR FemRPakas U RIRDdPgelstodgtion
| I CoRI e ' [ t

N e e R A A O

GebC BoKr act i digekied (WPthgadII/HTG T Bnd il Igndifien

i gat .to the 5713 | G ELA ElB. t f t
L8850 e SR IR LG R B el ol Liam

Primary HER cells are cultured and transfected as described
above. Fragments isolated from pCC.E1A and pEC.E1B are
combined for transfection. The DNA fragments isolated from
pCC.E1AB21 are combined with pSC.55K or transfected alone. The
latter cultures are then retransfected with the DNA fragment
isolated from pSC.55K 7-10 days following the first
transfection depending on the size of the observed clones. One
day before transfection half of the dishes transfected with
E1AB21 alone is passed to 10 cm dishes and then re-
transfected, the other half of the dishes is re-transfected
without prior passage.

The transformed clones that result from these transfections
are picked and further expanded in 96-well plates and
subsequent larger formats. The integration site and copy
number of the fragments is investigated with Southern blots
and by PCR to reveal whether insertions occurred in close
vicinity. Clones where E1A and E1B 55K are present in single

copy, or present in more than one copy but without inverted
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partially with EcoRl, subsequent isolation from gel
and40 purified with the QAEX Il gel extraction kit

into chemcally conpetent STBL-2 cells, resulting in
the plasmd plGE B (Fig. 9). plGElIB contains nt.
2019 to 3510 fromthe Ad5 genone. C oning of

pCC. El Bcol For the constructjon of a plasmd carrying
both the 19K and 55K Ad5 El B codi ng sequences, the
plasm d pCC. 55Kcol is digested with EcoRl and Kpnl.
THePSS7 0P ErEetben fafa§heth speuerGsIsal Bdtlsy IgReme of the
e hS.a |.L4. e r a i t
S R Y i b
i sodimensadismadisgéit ediivi tdweKphb-S0kd &EcoRiepanatacey 37

nt fra nt is_isalated fraomagel. and purified. w t
Qi%?ﬁ]:i gg&%’el”@fﬂ%@ﬁ g)ﬁ i ee%t a]g(gﬁ{g’ T ﬁeggf?%enrao?y &y
t Bi sidaRsesd . Ang, t e ipseFatedypiisbIethevect or

fragnent and transformation into STBL2 cells gives

construct pCC. El Bcol (Fig. 10) . This construct

CRE. .lQSZDtgeﬁg%éliéﬁ)d%5égﬁgﬁ%98%£fﬁg AdD; gen@Yeysing

sequéence. oni ng of pEC. El B The Human El ongati on
Factbric- apidaater &R £13 drsl E&B|magedn$ reswaph beshiby large
pEF/ rglc/ nuc (lnvitrogen) by digestion with EcoRl and
PPFCCIAPEEretiGesti on the fragment is blunted with

Kh & newce NBydre nafde thevidds3 bmEH,- i@ ps geskebld rragment
is then isolated by gel el ectrgfhoresi s and gurifhﬁd
woepenahe Satde eamatormed (GBildl ergnes FROPATAMFEY Coth'

VEsheY BT R BEohah k0P ShR0aME i BSheftavel Ol oA DY
pol ymerase treatnent to nake the ends blunt and
plraduieads over taaPCRqiedi figsabeon Welramhs (Widgen)chance
Tgﬁg} %h%eg§ggéf%kgggtgf%Gméﬁis end up in near proximity of
each other although this chance is reduced in the absence of
considerable sequence overlap. The possibility of E1A and E1B
expression cassette integration with less than 30 kb non-El
sequence in between in the chromosome can be avoided by
flanking the different El expression cassettes with large
pieces of non-(El-)coding DNA sequences (so called ‘spacer’
fragments). If an ElA-carrying fragment integrates next to an
ElB-containing fragment in the genome of the generated
packaging cell, the large flanking sequences should create
enough distance to eliminate the chance that the E1A and EIB
encoding sequences recombine into the same recombinant vector
molecule upon propagation of a recombinant adenoviral vector
in said packaging cell. Non-limiting examples of large spacer
DNA fragments that can be used are large sequences derived
from e.g. the human dystrophin gene or the human Apo-El gene.
Other spacing molecules can also be used, even from non-human

sources. Preferably, the flanking sequences do not contain

coding regions for functional proteins and can thus be derived
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performed with EcoRV, followed by gel electrophoresis.
The 5827 nt vector fragnent is then purified with the

fragnent and vector fragnent are ligated together in
an equi nol ar anmount and transforned to chem ca
conpetent STBL-2 cells (invitrogen) , which results in
the plasmd pEC EIB (Fig. 11), that contains the sane
Ad5- E1B sequence as in plasmd pCC. El Bcol. C oning of
pSC. 55K The SV40 pronoter was_anplified from
pEFmy 8L FRit SPRBSHIS - DNPSY 1thei ¥ 1o ger) BBy saereyes do not

" SCTRL AN TR0 A BORAIRLASE il 208, ARA thene

owng primers
AT Car 6T GoTEAu T, T sAGG- 8¢ a( SEQ KD, N@mpie; @ﬁucthese 51

SV40. RevERI CAG CTT TT
Galyg E( g\é@qrgl% Gq%cuI% eargn%wefn & t%an Qﬁég%rl&%red

SethRtin@4c £ e & JHanut asethebh owRdEDY dndcyTh esaahg( 94
C for 30 seconds, 48 C for 30 seconds and 72 C for 45

sé%%ln?@§) ig e - D5kl dRgCEI M AR Y@ G SBF L4 OF Fhs Tup
S?& edrllstg G g?%.l%q’e§ £ands angknhge GHLQr 1§5tc§oqu%jé)to

m nutes. The resulting 3
an@Ipafcﬂcegied I gyirendituatcore otiil def @68 nsbAnCEL bermﬁcwdmhen

uence nBan No.. J02400) was_.i sol r

B SBES e orkid i serise P dioRaTeae: 20 9k phoM
(ghéi Yessihi §a§§éh1@@niod@@&ytfﬁﬂth@|ﬁﬁ&ﬂielEf@'used
pCR- TOPO, using the PCR TOPO4bl unt cIonln% kit

( TPHAYEE o RN DA fhatt BdqtiertRe YoM Pf cHiTegRed t 1935 7bp
| o
FERIA18S 3SR L1 Iyest gt asstien

rom agar ose gel
wEhén teheo@tABEXt | wheys Eé&tm@cﬂlbmaﬂset*(eﬁg agenjyocatpgf on a

8Bt 0 R RS R SRSl £ e e 2

fQﬁ'(IM%d by rggl 131) suffices even when a second copy would
become located in the genome of the cell in inverted
orientation next to the first. Full integration of the mirror-
imaged structure would then also involve a fragment of >38 kb.
Aléo, if the presence of inverted repeats increases the
frequency of HDEP formation, then a situation where multiple
copies are integrated as direct repeats is considered less of
a problem even when the DNA fragment that includes 2 full
copies of EI1A and EIB has a length of < 20 kb. In the absence
of inverted repeats, integration of any El-containing fragment
larger than the space left in the recombinant virus (i.e.‘38
kb minus actual genome length of recombinant virus) into the
recombinant virus forces it to delete parts of the essential
viral sequences as a sequential step to ensure packaging and
thus propagation. Analysis of the first HDEP genome that arose
via homologous recombination (Murakami et al., 2002) showed

that deletion of viral sequences is possible.

Both the EFl - QCT/EP2004/052428



we@owsosd32ar anount to the di gested PCR fragnent PCTTRAR2004/052428

10

15

20

25

el ectrophoresis. The 5508 nt vector fragnment is
i solated fromgel as described above and ligated in

ligation mxture is transforned into chemni cal
conpetent STBL - 2 cells resulting in the -plasm d42
pSC. 55K (Fig. 12) that contains the sanme Ad5 E1B-55K
sequence as in pCC 55Kcol. TgQ generate transforned
clones fromprimary HER cells, DNA fragnents

cont ai ni ng the appr ogrl ate expression cassettes are
i sol aPBH Fewenget .Lheheliqsrphatingh bte @50eFE Hprngst!

V5¥%3%ft55§%§§%0§ ii?%lg?é'faéegc$f¥é£§ggcﬁi§hggr Raerftors

co-1 ntegration. reto A and” pCC. El AB21 are
ddtgae&bedhmntahlﬁseaalslocam’dedb\frbpmss;mi t Bepeichgkky when large

AEPATEPES Cehr B P Bt SONGRl 15 acear gt Pononic

fRAGt LAY Srk NS el { Qs adhi® appeiiatces] eitakl eS11 be
ation of |arge anounts of DNA fragnents.

cbmts;dué@% e, EIeeaRETHSCSSbKIYe ea%@e%%léa T4 ke shut-
A@%%'dﬁ i g3l 3pg, Al dﬁéﬂfﬁ0|ke&éﬁﬂ??Ctééﬁ%@ﬁcéﬁ“&e&@sert

gmsnts are 1sol ated as above Primary HER cells are
cucﬂetninédecartdlatr carsfiebilett dadideswriebetorabdyenplmsagneiths

| ated f pCC. El A and pEC. EI B ' f
e S S e

ﬁg‘ A?%]aﬁa L8 erhLRsH é’éqhﬁn&é:»cé%&@apﬁlngngseggegcs,

atter culfures are then retransfected Wi th
thberr@NA ﬂK@lgmmnet iadol 208l FeokapSC. BEK 12920, danpsa series

foll owin transfecti n de [ 0 ze
gt el R CHS ats eIE AR Rt

hal dmedift st dne Si‘lAah@lEenfehaélelaiéheﬂde byELABRti &l oeresn for
passed to 10 cmdishes and then re transf ecé\}eﬂw EFE

o Mer TRAFPSE EhINHitshesaks pB-2h-andP it & G

pfﬁéUpr?§E¥%%¢of such sequences in the EI1A and E1B expression
constructs, which sequences prevent positional silencing of
the E1A and/or E1B genes, also enhances the amount of
immortalised clones. Therefore, in certain embodiments of the
present invention, one or more STAR-elements, for instance
STAR 7 (Genbank accession number AY190751) or'STAR 40 (Genbank
accession number AY190756), are present in at least one of the
ElA and/or E1B expression constructs. Preferably said elements
are flanking both sides of the EIA and/or EI1B coding
sequences, i.e. the expression constructs may comprise from 5’
to 3’: STAR element - expression regulatory sequence (e.d.
promoter) - ElA coding sequence; or ElA + one E1B coding
sequence; or one EIB coding sequence; or both E1B coding

sequences — polyadenylation sequence - STAR element.



The transfornmed clones that result fromthese
transfections are picked and further expanded in
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integration site and copy nunber of the fragnments is
I nvestigated with Southern blots and by PCR to reveal
whet her insertions occurred in close vicinity. Cones
where El A and El B 55K are prgsent in single copy, or
present in nore than one copy but w thout inverted43

repeat conformati on of these sequences in the genone
oExanple: B apefegat e ¢d| Fell dingherditnEE ,@néinﬁl%tonl east

ong &fattehs?ﬂﬁuseylm 3¢ g; 4mffgplmcase E1B- 55K)

separa by at I east preferably by at |east
1(Dhi<sb .exampke pleetettslsl yheb)ganerh‘east 034nd&r kbl aheles

pr ef bly used further on
cBﬁ‘b‘P@%ﬂt?%g%geﬂvqnltﬁ%% Qs |CﬁgLﬁ?fESIf8FEl°§10| gs th: h%l\{/Ae
Ek Ao @it EW B 110 0b 9 1S AS RaF s dn byad it ge Spaced by large
sequences. As described in the previous exan? it is
p@é@ﬁﬂreDN% ag@nér%ﬂC@nét B} ErRPEOIT GRFERP @8l FLli|sFREgssion

[ arate plasmds for El A and
F%g%ﬁggieér/n mﬁenﬁlgﬂlégﬁg%gﬁn%nts are transfected
t Dhetthenmp dyerephin shickdn & dclhagesndaehdterttrakt AensiNect ed
nts_end up in near X|mt of e h
BRI 2R OB ot Hstosabaoiephe “idalio e 17

cwa&&%abi@ {$8HUSNER16VAeS |apLufher passiirbuhyinef th ALA
and El B expression cassette integration with [ ess than
36xREESFAAD EPLasBidience in between in the chrompsone can

béoﬁé/tq_iu%‘éd apkdng;bde 4 thenent 1E| Fl@(pﬁ?%son

&Y. =R &
cassettes t'h {qar e pl eces o% non- ( ) codi ng DNA
s éfgeTieeswiso AiaIIJe@nslpa‘@eTrI Nemgﬁmﬁtﬂsd BlOIlfib%l)n and

Ellogc’@%'}r‘?{lﬁ %ﬁ{f %%H?%ﬁ rtﬁtﬁgréno)ééotoentzﬁ Nr?gr ated
England Biolabs). Digested fragments were separated on a 0,5%
TAE agarose gel and the 2 kb fragment corresponding to the
PGK-E1A expression cassette was purified using the gel
extraction kit (Qiagen) according to manufacturers
description.

The construct pdys44 (Fig 17) was digested with BglII (New
England Biolabs) and protruding ends were made blunt with
Klenow enzyme. Fragments were separated on a 0,5% TAE agarose
gel and the 27 kb fragment containing the backbone plasmid and
part of the dystrophin intron was excised. The gel slice was
then put in a syringe containing a bit of glass wool and,
using the plunger, the buffer containing DNA was pushed in an
eppendorf tube. The thus obtained DNA solution contained
approximately 5ng/pl and was used directly in the ligation
reaction with the purified 2 kb PGK-EIA fragment.
Transformation into DH50T1 competent cells resulted in

construct pd44-1.ccElA (Fig. 18). The construct contains E1A
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create enough distance to elimnate the chance that
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same reconbi nant vector nol ecul e upon propagation of a
reconbi nant adenoviral vector in said packaging cell.
Non-limting exanples of |arge spacer DNA fragnments
that can be used are |arge sgguences derived frome.g.
t he hunman dystrophin gene or the human Apo- El gene.

O her spacing nol ecul es can al so be used, even from

néﬁdermﬁﬁﬁt%lupée%he PugpR K PrOTHET! PatIE SYnShefdeneey?

&pdt contain coding regions for functional proteins
and can thus be derived44 fromintron sequences . Al so
t benHrAcanoE IH Bdsecpidrdesn daxampie rieeﬁlg 03) ea@nlsed in

different Iec u be situat

hp e el . b o e i aesann o TR 28 BfSviidee
Ebé\q@dl@hsEt:BB Q@l’d@yl ahtrel esulies ane p@bM@tﬂeﬂ enEl Qhepdtitis
In preferred enbodi nents, the distance between the El A
aBAVEIE ¢BEYIn@oL#divNsais >34.5 kb because t hen

CEsA NS ngrh-qf chﬁ‘ﬁ\ e 13199@3%3 ! rrth0xeoylarnusmeersahas

in a geno hat Ts too [arge fo be packaged
sdtgmetheanm [Wasf purifistiaec @hbeol@dhedfmmreﬁlt 1/\)0

abTiy RS B ued N ECaduth PRRCIRGRTY. | for R Rg £12

a&edu@e@equz@éerla@@aum ng sthateElofi Aodite 1106 mLof
i nverted repeat structures contri but es to the

f FRYUET8y (HICINBERY Jéive PEE iRFRmOE fien 2adcdittr et Khher e
EL &2 oy By (GRIAEHL 8! &, At@aeeiedpoq%asf»grraqb eomw gha

fragnent of a tot eng of approxi mately
(bodkneng rseﬁuglCE:Sl) B fipe etheavpal WHed, aW@fé@dnwll@bﬁV

R0 2t Le T Bk L8 e e FpEE LS mfpCoxin free

| mk egriatknoa wfit hes Migestddraged SdaTuendrEoibdl dshalove

al so involve a fragnent of >38 kb.
(resulting in E1B coding sequences flanked by a stuffer of
about 1.4 kb upstream and more than 2.3 kb downstream of the
E1B coding sequences, the downstream stuffer including the HBV
polyA sequence).
Primary human HER cells were cultured and transfected on
passage number 6 (PN6) in one series of transfections and on
PN9 in a second series of transfections. HER cell culture and
transfections were done according to the method described in
Example 1. The E1A and EIB containing DNAs prepared above were
mixed in different proportions in separate transfections (both
fragments lack significant overlap with respect to each other
derived from vector sequences or regulatory sequences, thereby
reducing the chances of homologous recombination between the
two fragments; if both fragments would form a single nucleic
acid molecule (e.g. by end-to-end joining or ligation, a
theoretical possibility), and subsequently integrate into the

genome as a single unit, the E1A and E1B coding sequences in



Al'so, if the presence of inverted repeats increases
the frequency of HDEP formation, then a situation
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is considered |l ess of a problemeven when the DNA
fragment that includes 2 full copies of EIA and El B
has a length of 20 kb. In the absence of inverted
repeats, integration of any El-containing fragnent
| arger than the space left in the reconbinant virus

(i.e. 38 kb m nus actual genone Iength of reconbi nant
vth@sr)esphtmq h:@ll@cym%ﬁn%mtsewm@df ¥ ey than dgé&Petle

Hl Qf Lhe gege tj_q_eag’ﬁ r6a3 ﬁﬁq%ﬁbﬁgﬁr@aﬁl a1gequent i

0 ensure pa aglng an us propagati on.
Amapsytsaeamomlﬁ)he &t ristaskDER qemertavetehath@rﬂééeam &lB

ogous reconbjn on ka t,a
sﬁg%ﬁﬂ'Fﬁ%HeQﬁﬂset+%ﬂ&@Pr¥ rz1ggﬁgtgﬁc%§hﬁhe 6§§Fble 45
DA se@eess a8 thhabpddxiegf alegui ié at Ret genomebatfh a cel |
are not always accessible for activating transcription

f achorsictse(1t7o pghE imanin3 ass Bt atlegniépragdsp ofiishes were
Especially when |large fragnents of intron DNA are used

tﬁﬁ@n%ﬁep@?‘ﬁdtléhf F%rﬁ%@ﬁo@ﬁ@ ﬁé@%ﬁﬁét -t Begt Heee rﬂ?ﬁﬁﬁ?? in

e Seaderted Foptine iy ub oh iy BE Surole Ahesth

' Regd i et ChE L LDy ﬁ@%@efﬁdiYWe§@CBBHa§ﬁ§d\M@bﬁstruct
identified that can inhibit this re?re55|on Exanpl es,

aPéGtEHé\ EHB &é@ﬁsbe‘élvﬁﬁbnA?r@ agf wagSiseat @hta positive

5,610 ons as _an_in ator S

DFBRH 5§é%§5%1 &Y Rt E?«gisunlet a?g&%géﬁ the
F@Ek?c%e%tcyaéﬁ £13923 o sma®MN6h draSChi G rOtii BiEGHEN¢EglB) t he
human genone (so-called anti-repressor elenments or

SPAR eiveneentsoli Bemid é@afbwléhs‘fi@: itHP cSeparakn frgpments

ST AR SR B O

aappﬁﬁmamé)hes'hﬁ)lxomore efficient. Still, both with the
positive control plasmid and with the two-fragment
transfection about 80-90% of the transformed cell clones that
were picked were found to be viable and established as a cell
line.
These experiments clearly show that it is feasible to
transform primary cells by co-transfection with E1A and EIB
genes on separate DNA fragments and flanked by (non-
overlapping) stuffer DNA. A total of 6 clones HER01-B-71
(deposited on 1 October 2004 at the European Collection of
Cell Cultures (ECACC) under number 04100101), HERO1-H-87
(deposited on 1 October 2004 at the ECACC under number
04100102), HER01-H-86, HER01-H-88, HER01-H-89 and HER01-B-90

were analysed further.

Expression of the El genes was analysed using specific

antibodies for the El proteins on Western Blots. A total
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silencing of the El A and/or El B genes, al so enhances
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certain enbodi nents of the present invention, one or
nore STAR-el enents, for instance STAR 7 (CGenbank
accessi on nunber AY190751) or STAR 40 (CGenbank
accessi on nunber AY190756) ,,,are present in at |east
one of the El A and/or El B expression constructs.
Preferably said elenents are flanking both sides of
t AeouEit Ac A nidiugr pE¢®icnodrmg asémﬁ@ﬂ:@é the geneprted cell
Xpressi on cogstr rise

t
g‘?r S81 BRRAtSSS sg? %Qg tata5F§yseélﬁeﬁ%r8§l(e(§ fere
p&é}{‘&%tu%& foxEll‘g‘ I‘EP&Ht@Q §@0Vl6@<f‘c%’ft9f Habctorong E'xﬁ;lume

codi ng sequence; or one codi ng sequence; or both
ENEPaped s agp lse ubhere s( Invpbiogadbn;ﬂsam posideyactmerol STAR
el enent,. 46 Exanple 3 Generation of cell lines with El A

aReR 963 %%llsépsa@%ﬁ #agoRG-ubrsrapsdes teth sdmyy SER: ¢t
g%% rﬁoee%cra b§esrvEBea59%E%E§£ﬂl% ebn W celd
es a [ ng

o the i nvention transfecti on of
asémmsets e fruagoerdt LRaVBIRgras ﬂSApegepr(Eéy brvidasgenlt,e

nked by | tuff DNA_and f t

At an  BeBs aurlre ezt this T iad by ot -
Dh&te?hebmmasdyﬁéga%bl frdmthoyedd sesuRncevidgenbank
Ace. No. MB6524) cloned in a cosm d vector backbone

(p@lt,ﬂémleﬁvgfreme%§lt:%¢<reﬁ i LA hinguex ARpfehgaang Ad2. E1A

sipfdoey DG %EFQ)U”gJ ) t]{)l g Ebk %@rgﬁ%mgﬁ a8 dix
Construct p El'A ‘(descri In exanple 1; Fig. 4) was
dingrestledaini t1h 5A0) IQdcoaade Avelcl 3Y MeW. BEpiy anadsBiagitabkyman

PR 16 B g e

Sﬁfﬁﬂf@&edRCﬂHo@b@mﬁqﬁUMC Leiden). The following antibodies
were used as a second antibody: 1) ElA: Goat-anti mouse IgG-
HRP (Biorad), 2) EI1B.19K: Goat-anti rat IgG-HRP (Epcam), 3)
E1B.55K: ul Goat-anti mouse IgG-HRP (Biorad). The proteins were
visualized by the use of an ECL+ assay (Amersham).
From these experiments it is clear that all tested clones
express EIA and ELB proteins and that the levels are
comparable to those in PER.C6® cells (Fig. 19). This confirms
that the transformation of the primary cells is indeed induced
by Ad5 El expression and not the result of a spontaneous

event.

Functional expression of Ad5 El genes in these cell lines can
also be tested by showing that the cells are able to
complement El-deleted Ad5 viruses. Therefore, the 6 different
cell clones were tested for replication of an Ad5.eGFP vector,
an El-deleted (deletion of nt. 455-3510 of the Ad5 sequence)

Ad5-based adenovirus vector expressing Green Fluorescent
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TAE agarose gel and the 2 kb fragnment corresponding to
the PCGK-El A expression cassette was purified using the

description. The construct pdys44 (Fig 17) was

di gested with Bglll (New England Bi ol abs) and

protrudi ng ends were nmade blunt wth Kl enow enzyne.
Fragnents were separ at ed on.a 0, 5% TAE agarose gel and
the 27 kb fragment containing the backbone plasm d and
part of the dystrophin intron was excised. The gel
dAricteimadletrhen pells veresyesdnge a2k ontdenaihy of %F?O of

gl ass | _and, ' e .pl L t.he f .
B R A e B s
tihiss cobdrai (med) DNASsol tiid parciriteai ER) /appk oxismat positive

5ng/m and used directly in the ligation reaction
vadntiro hePEBUED T iasd 12 war epeksEl skefp@gifigntniected with an MOl

Transfor mat,i on jnto r t [
cUnder SO past Ll Ry OReLSHe SEres: [y hAs 11
Céléé@tna&ﬂsalﬁlhﬁéﬂsm@lenlgmtdr nédiofn tvhee hameesiR@K pronot er
and a synthetic pol yA signal . nst ruct pEl B

(Heoar | Yeerntseimpl Beg i@e%r%%eﬂt@dr?%o"tehf:%ll
exambe asciheFlB qxpr&ssiontdY)agaidl thEheuplmsni thfect
contarns El B under control of its own pronoter and_a

hefat e lks Bierels OHBY) AP6Y yoR1dpgrrae SeRfRst Aoctd well

p44-1.ccEl A was digested with,Xh Prel _.an

P FESE R DIGR® &%E?? i B4 e6 e%ﬁ”el%g?‘g lo?gf%h%mgf‘i‘:iel)
ef§§é%@5[(¥%&:eh SWed Pyn$dhanpl s pieeei P tvakted and analysed
(resulting in El A coding sequences fl anked_ b

sfaf GBP efpraboien b, BAKD Resultieambev nwa&dﬁiabyqlﬁée@@%e
PUSILE! Lol Shouy 8. Ksounists garg Gope! u ng the
Notably, the adenovirus vector (El-deleted, lacks nt 455-3510)
has no overlap with the El sequences present in the cell line
(Ad5 nt 459-3510), and therefore the combination of adenovirus
vector with the new cell lines in this example amounts to a
packaging system according to the invention, and the
generation of recombinant adenovirus in this example amounts
to a method of generating a batch of recombinant adenovirus

according to the invention.

Genomic DNA from the generated cell lines is tested on
Southern blots, using E1A and EIB probes, to demonstrate that
the E1A and E1B coding sequences are separated by more than 4
kb in the genome of the cells. Hereto, the genomic DNA is
digested with the restriction endonucleases ECORV and BglII
(Fig. 21). The digested DNA is size separated by gel
electrophoresis (e.g. using field inversed gel
electrophoresis, FIGE, to enable separation of large DNA
fragments) and then transferred to a nylon membrane by

capillary blotting. Three different probes are radioactively
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codi ng sequences) . DNA was then pelleted, washed wth
70% et hanol and aseptically dissolved in sterile

and purified as above (resulting in El B coding
sequences flanked by a stuffer of about 1.4 kb
upstream and nore than 2.3 kb downstream of the EIB
codi ng sequences, the dovvnstg' eam stuffer including the
HBV pol yA sequence) . Primary human HER cells were

cul tured and transfected on passage nunber 6 (PN6) in
olmbededi Br dfybridineteen iadnsharklash - PR PAO £ depstle 1s

series, of transf ns. ;-H |
PR SEL BRE R d Hone drger & i Fh tHeReat Rad 0 P
dﬁ&cﬂf‘l@eﬂl NoExesmlie from Fhe EtoRvantteEliB tomtabnEHy

prepared above were m xed in d
oAFor Erorfé o RIS GPAPAE G ARGFELARorA L BPR Pradhdhe’s

'@gémLsgm GRREmNET L 8y Wb hakeaRECEIE @' Aot heBglTT-
deri ved rom vect or sequences or regul at Og%/ sequences
($]

t BerGSbyraguandi 1652 ) chdricdsard leeaptdgdu side and
[EROTDLIGLI AN chel B LG LHOLLL SOREPLS ehl BOpRorively.

m-a sing nucleic a cul e
(edehtibyl enmda-ttsOc@rtﬁlpoﬂlqlim)@ digddtgat gommia P¥feorfetheal

possi bility) and subsequently integrat

gERHIE tgd Ga61§| ﬁblpeeg GREtRr Iiﬁlée%l)/% aﬁﬁ?ﬁf@%&géﬁyn t’cﬂe blot

S?Q Lged?:‘is?e& ré‘]f%elr h?ybfr%yiatﬂl%g seldre wordd phebs epar ahed
nore than 4 of stuff r sequences (at |east 6.5

di
tF]}éeorSl)gng o%@ ‘Ibedog ﬁhgﬁ%gkg GRAERE S& ggnces in

_ were transfected with
appy Q%llnratzﬁlgeowam:ﬂemtlmatairmls intedyetthor gheting cteneayiany

El A and 3 ngy {# ng hes

P AriaTect i IFERC I g OIS 04CR FhngAento T BroWer o
OPI«?@ég\i%Qearhéa&t E'oseﬁf Ees-dnthhansd eebpoas bué prbebefor
case of 10 ng of each

E1lA and E1B detect the same bands on the blots, the size of
the band identifying the distance between the two genes. Since
the orientation of the E1A and E1B fragment relative to each
other is not known, the two E1B probes are used separately
enabling hybridization either to the fragment 5’ or 3’ of the
BglII restriction site. If an ElA fragment becomes integrated
next to another ElA fragment then the band resulting from
EcoRV digestion will not be recognized by the E1B probe. Also

single integrants or end fragments will generate bands that

are not recognized by both probes.

Altogether, the experiments in this example clearly show that
co-transfection of primary human cells with separate plasmids,
one containing EIA flanked by a large stuffer region and one
containing E1B flanked by backbone sequences, results in
transformed cell lines. Furthermore, these cell lines express

El proteins in quantities sufficient for efficient



construct relatively nore foci were obtained.
Construct plG EIA EIB digested with Asel and Bgll was

wais®d/o3s2@ positive control (20 ng DNA/ di sh) OPCT/EP2004/052428
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15

separate dishes. As expected, the efficiency of foci
formati on was higher with the (single) positive
control plasmd than with the two separate fragnments
(from pd4-1.ccEl A and pEl B) ) The pl G EI A EIB plasm d
was approxi mtely 10x nore e?fi cient. Still, both with
the positive control plasmd and with the two-fragnent
t Fermzfeaentar cabelitE1g0ledetebhdp Heeatodhst or ned cel |

cl ones that were picked were found to be viable and
established as a cell line. These experinments clearly
shovart haterdatiisef @dsidihent,0 the ablA anh PYH renyergels| grdy
co-transfection wth El A and El enes_on separate DNA
fF%@‘h%ﬁﬁ&t%\r?d SEPGHK SATBYT (T ronBY %aﬁgﬁ%r 3{%}%@&? DNA.
Aot otdln fhef GleghSscddTRIArSB- ¥hidwleResi 1 aksonrd Dehdber
2004 at the European Collection of Cell Cultures

( ESACO)thangfergleuadestr04100101), HERO1- H 87 (deposited
on 1 Cctober 2004 at the ECACC under nunber 04100102),
HERO1- H 86, HERO01 - H 88, HERO01-H 89 and HERO1- B- 90
wek eardival yv6eldhrijart diestanExproesseen IR ahe FEB gencssiesd,
anal ysed usj ng specific antibodjies fo e El. proteins
R ae PR Bt ERus et AP AT 3ot R < TP ot BB E 1 om
astys@alenef1dieagemeratigsk cakl 16Apmest watk ysedrde t he
Western bl ot assay. The sanples were denatured for 15

nif hatldegathy G1& anGfRLBr cedidict FemIgIcey of e REPAFEeased,
: Y dd10960r 5161 SqP tRORAIdILS , CANMULQE
ng%&an?%& ﬁ%ﬂuﬁ:&%sac{ ggﬁasr uéeé.g%nt ranst ecf ed proi n%%y
HER: cedalchli ygatod {pagsageninuiibeto@)resef Vet lastierefore,
”%gfg'éﬁimg éngﬂghldng% be construed to limit the scope of the
invention to the actually performed experiments, but rather as

an exemplification of the concepts of the present invention.
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sanples were run on a 10% BisTris SDS page gel
(I'nvitrogen) , alongside a Seeblue plus2 prestained

.the gel. The follow ng anti bodi es were used: either
1) EI A nouse anti-human Ad2. El A (1:400, Santa Cruz),
or 2 ) EIB 19K rat anti-human El B 21K nonocl onal

(1: 500, Oncogene), or 3) E 25K nouse anti - hunman
55Kda (harvested from hybri donma cell |ine C9A1CS,
obtained fromDr. R . Hoeben, LUMC, Leiden) . The

f B lesi ng anti bodi es were used as a second anti body:
1) EIA: CGoat-anti nouse I gGHRP (Biorad), 2) ElB.19K:
CGoat-anti rat 1gGHRP (Epcam) , 3) EIB.55K: m

‘Coalil-canitlt TmnsEotgEGikdRPof Biramack) .HERhee PrsotwétmidaeEd

visualized by the use of an ECL+ assay (Anershan) .
FFOmERes? Cé%éﬁ@i“ilcr?"esnts it is clear that all tested
cl ones express El A and EI B proteins and that the
evels are conparable to those in PFR C6 cells (Fig.
199nstrihts conflidmesnt hat t Het diaet ofpatidshof t he

o rary—eelts—t+Hs—indeed—n ed—by—Rd5 E +—expressi on
aﬁ%@&?-ﬁ% redui% ¥ a spdrt aneous g\i;ent . Functi onal
3 romof —Ad f genes (i1 these|[gell Iines can
a?ts)%'eﬁaie t est edozgyﬁ%owi ng tznhat t he ?el Is are able to
Corplmmepkid - defefgd AR Viguses. Therefore, the 6

di fferent cell iclohés were [tested for replication of
NI AF 1ABGEP vedtar ygan El -deéd eted (déledion of nt.
155- 3510 of the Adg sequende) Ad5- based adengvi rus
o€ FrLA8R RS g Gyeennchl Udk escent 580Protei ). Hereto,

rells were seeded at—a Hancity of ¥l O 6-¢cells/ wel |

oo A4 \*2A ) I |

AR EEERed t He20dsigrafter Mith a miPtiplicitly of

' ~Ff | IR D= =NV S 1 AW =\ N L
afeet-on—(MoH—of—5—vt+rus—parttctres (VP)/cetl. As a

positive control PER C6 (r) cells were al so seeded and
infected with an MJ
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Ad5. EIB(5 ) froma BssRIl -Bglll fragnment (1354 bp)
and Ad5.EIB(3'), froma BgllIBsrG@ fragnent (652 bp) ,
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tﬁ%cq%@aritss SR e AREET RybrindezRtI5esf LR ﬁ§3fi3?]slts-
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and t heuH B,pEvblegh Cf ,Gfabbinokb ng9ﬁ7 ardpetng emdand
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detect the sanme bands on the blots, the size of the
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In an alternative enbodi nent, the El A and EI B
sequences are cloned into a single construct, with a
stuffer fragnment between these sequences, after which
cell lines are created using,the single construct.
Clearly, if larger distances between EIA and EIB are
desired, the El B coding sequences may al so be flanked
byeeenbdngekonsbgtFean AnEedied é@P%ﬁtSanél ofirehe 1¥Engehe of
tg§ $t uffers flanking the El A and El B codi ng sequences
coujrd' be increased, by standard routine nol ecul ar

bi ol ognt éahnilqeesy, el Pawimng, t fmivieéachiAngsamfderhéeer J,
present dj scl e..Clearly therefore, this,ex Il e
sH&ul rnB]IP %e%gggst%eﬁgiﬁopﬁ“p PREVSELFEIHT" %ﬁg and

| RYISHd Q0ndP ddBBoRGhudak | yn Renf of ied rexpatioAedche b8l
rather as an exenplification of the concepts of the
plése®d.i nvention.5 3 Tables Table Il: Transformation

of pri R S W - r ' tosi
const r@%’. }_E'E‘or%g%gdct %@u@ggﬁ%ﬁ ?égsg ocl %F oh oPosEs
pbGa EHIPAEI B2 fgr The3tholddBlEr Ar@@myir® o adenoviruses
pl G El A+pEl B mgr_each 4 15 pl G El AB21 20 r 2.11.5
pl&E ElEA%SmD&?él]f%elio %ana%%‘% go- AP E{%Bﬁﬁ 0
OpRERERENGES By r g3 258Brown KW Gal linore PH. 1982,
Mal i gnant
gWhite, E. (1996). Life, death, and the pursuit of
apoptosis. Genes Dev. 10 (1), pl-15.
Zantema, A. and van der Eb, A.J. (1995). Modulation of
gene expression by adenovirus transformation. In: The

molecular repertoire of adenoviruses III. Eds. Doerfler, W.

and Bdhm, P.Springer-Verlag Berlin Heidelberg 1995, pl-23.
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<110> CRUCELL HOLLAND B.V.
Vogels, Ronald
Havenga, Menzo J.E.
Zuijdgeest, David A.T.M.
<120> Packaging cells for recombinant adenovirus
<130> 0095 WO P00 PRI
<160> 18

<170> PatentIn version 3.2

<210> 1



WORIMS5/0833kd i nore PH. 1988. Differenti al

10

15

20

25

30

35

transformati on of human enbryo retinoblasts by cl oned
adenovirus 12 DNA. Nature 298: 69-71. Byrd PJ, G and

t r ansf oPCEHEPIIN4/052428
of primary human enbryo retinal cells by adenovirus El
regi ons and conbi nations of EIA + ras. Oncogene 2 :
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Wl | enberg DIM Hehir KM §gan J, Auger C, Craner
SJ, van Onondt H van der VaI erio D, Hoeben
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<221> hepatitis B virus polyadenylation sequence
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<400> 1

gaattcgata attccacggg gttggggttg cgcettttcc aaggcagece tgggtttgeg 60
cagggacgcg gctgetctgg gegtggttce gggaaacgca geggegecga ccctgggtet 120
cgcacattct tcacgtcegt tcgeagegte acccggatct tegecgetac cettgtggge 180
cceceggega cgettectge teegecccta agtegggaag gttecttgeg gttcgeggeg 240
tgccggacgt gacaaacgga agccgcacgt ctcactagta cecctcgcaga cggacagege 300
cagggagcaa tggecagcgeg ccgaccgega tgggetgtgg ccaatagegg ctgctcagea 360
gggcgcgecy agageagegg ccgggaaggg gegy tgcggy aggeggggty tggggcggta 420
gtgtgggcee tgtteetgee cgegeggtgt tecgeattcet geaagectece ggagegeacy 480
tcggcagteg gectccctegt tecgaatteg atcgtgtagt gtatttatac ccggtgagtt 540
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429 Mur akam P, Pun 840
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single short stretch of honol ogy between adenovira
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cytopathic effect-inducing,
El positive particles.
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hel per - dependent
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E, Files J,
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accggaggty atcgatctta cctgccacga ggctggettt ccacccagtg acgacgagga
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transformation. In: The nol ecul ar repertoire of
adenoviruses IIl . Eds . Doerfler, W and Bohm

P. Springer-Verlag Berlin Heidel berg 1995, pl-23 .
SEQUENCE LI STI NG <110> CR L HOLLAND B. . Vogel s,
Ronal d Havenga, Menzo J Zui j dgeest, David A

<120> Packagi ng cells for reconbi nant adenovirus <130>
002bc MY cPEEX Rl ac<dtbBteclB acitQtaaPattenttyyy iéiakcona 3, 2880
<210> 157 <211> 7315 <212> DNA <213> Artificial <220>
<223> plasm d pl G El A El B <220> <221> hunan

PPRESTIRER JPCBTOELE IGRREBIDTLETATER taopLraE 159559°1%p4) 2940

<220> <221> El region of hunan adenovirus type 5

ggg%g&g%ggizé%%€hggggksgaaaéé§58%4gttcaattaa gaaatgcetc tttgaaaggt 3000

gtaccttggg tatcctgtet gagggtaact ccagggtgeg ccacaatgtyg gectecgact 3060
gtggttgctt catgctagtg aaaagcgtgg ct gtgattaa geataacatg gtatgtggca 3120
actgcgagga cagggectct cagatgetga cctgctcgga cggecaactgt cacctgetga 3180
agaccattca cgtagccage cactctcgea aggectggec agtgtttgag cataacatac 3240
tgaccecgetg ttecttgeat ttgggtaaca ggaggggggt gttectacct taccaatgea 3 300
atttgagtca cactaagata t£gcttgagc ccgagagecat gtccaaggtg aacctgaacg 3360
gggtgtttga catgaccatg aagatctgga aggtgctgag gtacgatgag acccgcacca 3420
ggtgcagacc ctgcgagtgt ggeggtaaac atattaggaa ccagcctgtg atgctggatg 3480
tgaccgagga gctgaggcce gatcact tgg tgetggectg caccegeget gagtttgget 3540
ctagcgatga agatacagat tgagctcgac ctgcaggcat gecaagctgat cettegeggy 3600
acgtcctttyg tttacgtcce gteggcgetg aatccegegg acgaccecte geggggecge 3660
ttgggactet ctegtcceet tcteegtetg cegttccage cgaccacggg gegeacct ct 3720
ctttacgegg tctecccegte tgtgecttet catctgeegyg tecgtgtgea cttegettca 3780
cctctgeacyg ttgeatggag accaccgtga acgeccatca gatcctgecc aaggtcettac 3840
ataagaggac tcttggactc ccagcaatgt caacgaccga ccttgaggee tacttcaaag 3900
actgtgtgtt taaggactgg gaggagctgg gggaggagat taggttaaag gtctttgtat — 3960
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<220> <221> hepatitis B virus pol yadenyl ati on sequence
<222> (3588) ..(4205) <400> 1 gaattcgata attccacggg

cagggacgcg gctgctctgg gcgtggttcc gggaaacgca gcggcgccga
ccctgggtct 120 cgcacattct tcacgtccgt tcgcagcgtc
acccggatct tcgccgctac ccttgtgggec 180 cccccggcecga
cgcttcctge tccgececta agtcgggaag gttccttgeg gttcgeggeg
240 tgccggacgt gacaaacgga agccgcacgt ctcactagta
ccctcgcaga cggacagcgc 300 cagggagcaa tggcagcgcg
ccgaccgcga tgggctgtgg ccaatagcgg ctgctcagca 360
099680HCChoagageatogetauoageasyy goggcttyagggotcty 4020
aggcggggt g tggggcggta 420 gtgtgggeccc tgttcctgece
cgcgcggtgt tccgcattct gcaagcctcc ggagcgcacg 480

t BYgRAgCCEr it r et cticHrEctE cigazacee§ RETGLGE atjgggﬁ‘fgﬁft t @8
ccggtgagtt 54058 cctcaagagg ccactcttga gtgccagcga

gta t c g

A B S TR I EERET S e
660 cgccagtctt ttggaccagc tgatcgaaga ggtactggct
gaitgadicdtt gacCatedcCceitagitdadlacatdtdcht gaategrgopt@carg 4200
ttcacgaact gtatgattta gacgtgacgg cccccgaaga 780
tcccaacgag gaggcggttt cgcagattt tcccgactct gtaatgttz%g
cBRFEETaiig E°8 0 t Wy By Rt Rt A HigE et s PR e CGE g ¢
gccecggttct ccggagccge ctcacctttc 900 ccggcagccc
080¢A06600..80CA0a0A06, 64! HOGLEEA OELLGIA! D LaRgCCIg!
9 accggaggtg atcgatctta cctgccacga ggctggcecttt
ccacccagtg acgacgagga 1020 tgaagagggt gaggagtttg

t gdbagait eachigtggagoatcgacgggoacy gittgoaggiseaatC@@ 4380
ttgtcattat caccggagga atacggggga cccagatatt atgtgttcgc
tttgctatat 1140 gaggacctgt ggcatgtttg tct aca%t aa
gEHasRat o G HRaYCY oo HOSHAGY LIHT TG Yoy 1440
gtgtggtaat ttttttttta atttttacag ttttgtggtt taaagaattt
1289Q: {95 At L gt ga-d L&Ei&&%a%cé‘&g&g‘%cig%&gét‘ét 4886649 4500
agcctgagcc cgagccagaa 1320 ccggagcctg caagacctac
ccgccgt cct aaaat ggcgc ctgctatcct gagacgcccg 1380
acatceptat gcbglhsdagagacatigcaatagh: dgt@cggataaguigt gdétic
cggt ccttct 1440

agaacatgtg agcaaaaggc cagcaaaagg ccaggaaccyg taaaaaggcc gegttgctgg 4620
cgtttttcca taggctccge ccccctgacy ageatcacaa aaatcgacge tcaagtcaga 4680
ggtggcgaaa cccgacagga ctataaagat accaggegtt tcccecctgga agetcecteg 4740
tgegetctee tgttecegace ctgecgetta ccggatacct gtccgecttt ctececttegg 4800
gaagcegtgge getttctcat agctcacget gtaggtatet cagttcggtg taggtcgtte 4860
gctcecaaget gggetgtgtg cacgaaccce ccgttcagee cgaccgetge gecttateeg 4920
gtaactatcg tcttgagtcc aacccggtaa gacacgactt a tegecactg gcagcagcca 4980
ctggtaacag gattagcaga gcgaggtatg taggcggtge tacagagttc thgaagtggt 5040

ggcctaacta cggctacact agaaggacag tatttggtat ctgcgetctg ctgaagecag 5100
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acttgagctg taaacgcccc aggccataag gtgtaaacct gtgattgcgt
1620 gtgtggttaa cgcctttgtt tgctgaatga gttgatgtaa
gtttaataaa gggtgagata 168059 atgtttaact tgcatggcgt
gttaaat ggg gcggggctta aagggtgtat aatgcgccgt 1740
gggctaatct tggttacatc tgacctcatg gaggcttggg agtgtttgga
agatttttct 1800 gctgtgcgta acttgctgga acagagct ct
aacagtacct cttggtttt g gaggtttctg 1860 tggggct cat
caeagoesaaagiiagictgctayaatdcargy aggatebtacamsguegygaadt t
1920 gaagagcttt tgaaatcctg tggtgagctg tttgattctt

t gaat ct ggg tcaccaggcg 1980 cttttccaag agaaggt cat
c‘&a@téé*%ttgttfg?t‘gtﬁt?%aﬂt"ta%%‘&atéa&@@‘?g:@%@ aeaa@gagtegg’&%g%ﬁb >220
gctgttgett ttttgagttt tataaaggat aaat ggagcg aagaaaccca
t Ctta %ggcgg&c%%g{&g g:QQJa@&cQE %Etggg%g tatas&gacgg QQQ;‘Q%@’E 5280
c%g ggagag cggttgtgag acacaagaat 2160 cgcctgctac
tgttgtcttc cgtccgcccg gcgat aat ac cgacggagga gcagcagcag
22130cLRYCAYPRYGa 2BFECAYY CYtPeYYL gytagtigagedyayte cato
ggaaccc gagagccggc 2280 ctggaccctc gggaat gaat
gttgt acagg tggctgaact gtatccagaa ctgagacgca 2340

t treRfaeatattatast g dGoRE T I SEEFH G faﬁg‘&gﬁaﬁgﬁfttﬁgtacﬁ agdgag
cggggggctt 2400 gt gaggctac agaggaggct aggaatctag

cLitlaget 1., aat 9ACLANA-CR0GHSEEHT 2480t RELUGLALIRE 5460
t?tté%acag at caaggata attgcgctaa tgagcttgat ctgctggcgc
2520 agaagtattc catagagcag ctgaccactt actggctgca
gegageggaiacoatitat gaggoRSstcaggobatctagtyytatdrgea 520
aaggtggcac ttaggccaga ttgcaagtac aagatcagca 2640

aacttgtaaa tatcaggaat t%ttgct aca tttct([%g aa 5580
CHYTIREGatf I GUAGRL HGIT T OGS FAgFAT Sgaa%gaaggga
tttagatgta gcatgataaa tatgtggccg ggggtgcttg 2760

9 ggttald akoagtatar qadtactgecescaatdnt
ag%é%t%g%g%gg%%%oé ttt {Ccct ggc caat ac%:aac cttatcctac

acggtgtaag cttctatggg tttaacaata 2880 cctgtgtgga

agmeiggac artgat gitaagggottacgggutiy tegexstatttareattgrit gct’gfa
2940 agggggtggt gtgtcgcccc aaaagcaggg cttcaattaa

tgectc tit t 3000 gtaccttggg tatcctgtct
JERE Ak P E AR YLY L OaBAREOS GECTRCoART 3060

gtggttgctt catgctagtg aaaagcgtgg ct gtgattaa
gga?ctcga%(é@gt Qgtgicétzcﬁt QQG@a@’&Z Qgtgcaaaaa agcggttage tcctteggte 5820

ctccgategt tgtcagaagt aagttggecg cagtgttatce actcatggtt atggcageac 5880
tgcataattc tcttactgtc atgecatccg taagatgett ttctgtgact ggtgagtact 5940
caaccaagtc attctgagaa tagtgtatgc ggcgaccgag ttgctettge ccggegtcaa 6000
tacgggataa taccgegcca catagcagaa ctttaaaagt getcatcatt ggaaaacgtt 6060
cttecggggeg aaaactctca aggatcttac cgetgttgag atccagttcg atgtaaccca 6120
ctegtgecace caactgatct tcagcatctt ttactttcac cagcgtttet gggtgagcaa 6180

aaacaggaag gcaaaatgcc gcaaaaaagg gaataagggce gacacggaaa tgttgaatac 6240
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act gcgagga cagggcctct cagatgctga cctgctcgga cggcaact gt
cacctgctga 3180 agaccattca cgtagccagc cactctcgca

ttccttgcat ttgggtaaca ggaggggggt gttcctacct taccaatgca
3 300 atttgagtca cactaagata ttgcttgagc ccgagagcat

gt ccaaggt g aacctgaacg 3360 gggtgtttga catgaccatg
aagat ct gga aggtgctgag gtacgatgag acccgcacca 3420

ggt gcagacc ctgcgagtgt ggcggtaaac atattaggaa ccagcctgtg
at gct ggatg 3480 tgaccgagga gctgaggccc gatcacttgg
tgctggecctg cacccgecget gagtttgget 3540 ctagcgatga
agatatagadcttigaget egattet geagyeat geeaget gatatewtd cgeGyg
3600 acgtcctttg tttacgtccc gtcggcgectg aatcccgecgg
Q%%acccctc gc qgg%cgc 3660 ttgggactct ctcgtcccct

t é@ﬁi‘t&t"g?a%f@gi CRAHEaA £CERR 39@&5&%&1@86 Yroggo 6360
ctttacgcgg tctccecegtc tgtgecttct catctgeccgg tccgtgtgca
CLLERELdCa LB GCLELALE0Y. 1L OCRILEAG. AL CACEILHR 6420
acgcccatca gatcctgccc aaggtcttac 3840 at aagaggac
tcttggactc ccagcaat gt caacgaccga ccttgaggcc tacttcaaag
3806aactcgdgt gt ittt @aggact gyt gagyagobggtgggagyagat 6480
taggttaaag gtctttgtat 396061 taggaggctg taggcat aaa
ttggtct cg caccagcact atgcaacttt ttcacctctg 4020

CUT BEE At COIRPIGLACUTIGE TGP PRIEFER LECIARFEL gPGtc
ttgggtggct 4080 ttggggcatg gacattgacc cttataaaga
a$db%§lg C&gc&%%&él%@&&@éﬂhgdb@ d%%d%%&&%%tct6§%4£%aEtf%ﬁﬂ%&ﬁd&@t 6600
gacttctttc cttccgtcag agatcctgca gagcttggtg gaaggcagtg
4200 gaattagctt ggcgtaatca tggtcatagc tgtttcctgt
gtagamradatt gtgtdcapave gubcacatd 6GRatgdtab cwaataadtattangh 0660
gccggaagca taaagtgtaa agcctggggt gcctaatgag 4320

t gagct aact cacattaatt cglcgr;tt c%ct cactgccc C tttccae%cg
JFASHERE gt SEGe AYEETEGC t‘%& {°F £4PYa°%E 88‘@98‘6"”35% °
gcgcggggag aggcggtttg cgtattgggc 4440 gctcttccge

t{CCl Gt & cAGLHACLEAE 408 CAGIS 8L GOt CYIGE O 6065 JaP6E0
4500 tatcagctca ctcaaaggcg gtaafacggt tatccacaga

at caggg gat aacgcaggaa 4560 agaacat gt g agcaaaaggc

CRgTaaTA Y toesgy adcrgtdca aasagyue geghiaget ggta4620 6840
cgtttttcca taggctccgc ccccctgacg agcat cacaa aaat cgacgc

tcaa tccagact40680 g{igt gg%aaa cccctg ct%lg?g%a %t at a&%ai%gt £900
EEHGIEH T ICEER Y dertRe BTG CgEreTte
tgttccgacc ctgccgctta ccggatacct gtccgecttt ctcccttcgg
4é§@££ctaaa tcggaaccet aaagggagcc cccgatttag agecttgacgg ggaaagccgg 6960
cgaacgtggc gagaaaggaa gggaagaaag cgaaaggagc gggcgctagg gcgetggcaa 7020
gtgtagcggt cacgctgege gtaaccacca cacccgecge gettaatgeg ccgetacagg 7080
gcgcgtacta tggttgettt gacgtatgcg gtgtgaaata ccgcacagat gecgtaaggag 7140
aaaataccgc atcaggcgcc attcgecatt caggetgege aactgttggg aagggegate 7200

ggtgcgggce tcttcgetat tacgccaget ggcgaaaggg ggatg tgetg caaggcgatt 7260

aagttgggta acgccagggt tttcccagtc acgacgttgt aaaacgacgg ccagt 7315
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gaagcgtggc gctttctcat agctcacgct gtaggtatct cagttcggtg
taggtcgttc 4860 gctccaagct gggctgtgtg cacgaacccc

tcttgagt cc aacccggt aa gacacgactt tcgccactg gcagcagcca

.4980 ctggtaacag gattagcaga gcgaggtatg taggcggtgc

tacagagttc ttgaagtggt 5040 ggcctaacta cggct acact
agaaggacag tatttggtat ctgcgc4ctg ct gaagccag 510062
ttaccttcgg aaaaagagtt ggtagctctt gatccggcaa acaaaccacc
gctggtagcg 5160 gtggtttttt tgtttgcaag cagcagatta
cH#éfrafjaaa aaaaggatct caagaagatc 5220 ctttgatctt
téet-acgygg tctgacgctc agt ggaacga aaactcacgt taagggattt
5g$9>t tcatgag attatcaaaa aggatcttca cctagatcct
tttaaattaa aaatgaagtt 5340 ttaaatcaat ctaaagtata

t el graghaadicetlt ggt ctga cagttaccaa tgcttaatca 5400

gt gaggcacc tatctcagcg atctgtctat ttcgttcatc catagttgcc
tgagtccecg 5460 tcgtgtagat aactacgata cgggagggct
taccatctgg ccccagtgct gcaatgatac 5520 cgcgagaccc

at’ger ceiieey efePEEabatt tatcagcaat aaaccagcca gccggaaggg
5580 ccgagcgcag aagtggtcct gcaactttat ccgcctccat
ceagiciatt aattgttgec 5640 gggaagct ag agt aagt agt
tcgCcagtta atagtttgcg caacgttgtt gccattgcta 5700
CeayertaELgeItE i ReRtcIeeRY tcgt cgtttg gtatggcttc attcaget?e
ggttcccaac 5760 gatcaaggcg agttacatga tcccccat gt

t gt gcaaaaa agcggttagc tccttcggtc 5820 ctccgatcgt

t gt cagaagt aagttggccg cagtgttatc actcatggtt atggcagcac
5880> t gcataattc tcttactgtc atgccatccg taagatgctt
ttntgt gact ggtgagtact 5940 caaccaagtc attctgagaa
tagt gt gt,gc ggcgaccgag ttgctcttge ccggecgtcaa 6000
tacgggat aa taccgcgcca catagcagaa ctttaaaagt gctcatcatt
gtfddaabygific6960 cttcggggcg aaaact ctca aggatcttac
cgctgttgag atccagttcg atgtaaccca 6120 ctcgtgcacc

c%% ltgatct tcagcatctt ttactttcac cagcgtttct gggtgagcaa
6 aaacaggaag gcaaaat gcc gcaaaaaagg gaat aagggc

g&cac gpdasr PYEerEdat ac 624063 tcatactctt cctttttcaa
tattattgaa gcatttatca gggttattgt ctcatgagcg 6300
ggf,acatatt tgaatgtatt tagaaaaata aacaaatagg ggttccgcgc
acatttcccc 6360 gaaaagtgcc acctgacgtc taagaaacca
t faErRECattogEtatt aacc t at aaa aata 6420 ggcgtat cac
gaggcccttt cgtctcgcgc gtttcggtga tgacggtgaa aacctctgac
6480

20

<210> 4

<211> 20

<212> DNA

<213> Artificial

<220>
<223> primer 5E1A-For

<400> 4

ccgaattcga tcgtgtagtg 20

<210> 5
<211> 27
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acat gcagct cccggagacg gtcacagctt gtctgtaagc ggat gccggg
agcagacaag 6540 cccgtcaggg cgcgtcagcg ggtgttggcg

tgtactgaga gtgcaccata aaattgtaaa cgttaatatt ttgttaaaat
6660 tcgcgttaaa tttttgttaa atcagctcat tttttaacca
at aggccgaa atcggcaaaa 6720 tcccttataa at caaaagaa
tagcccgaga tagggttgag tgttgt#cca gtttggaaca 6780
agagtccact attaaagaac gtggactcca acgtcaaagg gcgaaaaacc
gt ct at cagg 6840 gcgatggccc actacgtgaa ccatcaccca
agti€aadPtt tttggggtcg aggtgccgta 6900 aagcact aaa
t cggaartcticagggagcc cccgatttag agcttgacgg ggaaagccgg
6960 cgaacgtggc gagaaaggaa gggaagaaag cgaaaggagc
gggcgctagg gcgctggcaa 7020 gtgtagcggt cacgctgcgc
gt%a&tcacca cacccgccge gcttaatgeg ccgetacagg 7080
gegeygt paha tmgtiegct tt gacgt at gcg gt gt gaaata ccgcacagat
gcgt aaggag 7140 aaaat accgc at caggcgcc attcgccatt

cg% ctgcgc aactgttggg aagggcgatc 7200 ggtgcgggcc
t Tgttat tacgccagct ggcgaaaggg ggatg tgctg

capggeaat ttadadbércamgtdagggt a acgccagggt tttcccagtc 217
acgacgttgt aaaacgacgg ccagt 731564 <210> 2 <211> 26
<212> DNA <213> Artificial <220> <223> prinmer 5E Bf -1
<400> 2 cggaattcgg cgtgttaaat ggggcg 26 <210> 3 <211>
2016212> DNA <213> Artificial <220> <223> prinmer 5E B

“IRYs 26
<212> DNA
<213> Artificial

<220>
<223> primer 5E1AB2l -rev

<400> 6
cgggatcctc attcccgagg gtccag 26

<210> 7

<211> 16

<212> DNA

<213> Artificial

<220>
<223> oligonucleotide X-SM-1

<400> 7
ctaggtcgac caattg 16

<210> 8

<211> 16

<212> DNA

<213> Artificial



<400> 3 tagcaggcga ttcttgtgtc 20 <210> 4 <211> 20
<212> DNA <213> Artificial <220> <223> prinmer 5E A
WO B@5/033300> 4 ccgaattcga tcgtgtagtg 20 <210> SPERER2804/052428
2765 <212> DNA <213> Artificial <220> <223> priner
5EI A -rev <400> 5 cgggatccat ttaacacgcc atgcaag 27
<210> 6 <211> 26 <212> DNA <213> Artificial <220>
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<223> prinmer 5El AB21-rev <4q%> 6 cgggatcctc attcccgagg
gtccag 26 <210> 7 <211> 16

<220>
<223>

<400>

oligonucleotide X-SM-2

8

ctagcaattg gtcgac

<210>
<211>
<212>
<213>

<220>
<223>

<400>

9
44
DNA

Artificial

oligonucleotide EcoPst -3

9

aattgatatc gaattcgecg agctcgtaag cttggatcce tgea

<210>
<211>
<212>
<213>

<220>
<223>

<400>

10
36
DNA

Artificial

oligonucleotide EcoPst -4

10

gggatccaag cttacgagct cggcgaattc gatatc

<210>
<211>
<212>
<213>

<220>

11
33
DNA

Artificial

16

44

36
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<212> DNA <213> Artificial
X- SM |
WE2Mm2H3BMNA <213> Artificial 66 <220> <223>

<220> <223> ol i gonucl eoti de

<400> 7 ctaggtcgac caattg 16 <210> 8 <211> 16

PCT/EP2004/052428

ol i gonucl eotide X -SM 2 <400> 8 ctagcaattg gtcgac

<210> 9 <211> 44 <212> DNA <213> Artifici al

<223> ol i gonucl eoti de EcoPst -
gaattcgccg agctcgtaag cttgga&pcc tgca 44 <210> 10

<211> 36 <212> DNA <213> Artificial

ol i gonucl eoti de EcoPst -4
<223> primer COLLAZF

<400>

11

cagctagect gcaggaagta tgcagattat ttg

<210>
<211>
<212>
<213>

<220>
<223>

<400>

12
25
DNA

Artificial

primer COL1A2R-sal

12

acacgtcgac ggctggtaga gatge

<210>
<211>
<212>
<213>

<220>
<223>

<400>

13
36
DNA

Artificial

primer 55KforE

13

ggaattcgee accatggagec gaagaaaccc atctga

<210>
<211>
<212>
<213>

<220>
<223>

14
33
DNA

Artificial

primer 55KrevB

<220>
3 <400> 9 aattgatatc

<220> <223>

33

25

36



<400> 10 gggat ccaag cttacgagct cggcgaattc gatatc 36
<210> 11 <211> 33 <212> DNA <213> Artificial <220>67

wo2®3m333e0 mer COL1A2F <400> 11 cagctagcct gcagp@EBPm04/052428
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tgcagattat ttg 33 <210> 12 <211> 25 <212> DNA <213>
Artificial <220> <223> prinmer COLI A2R-sal <400> 12
acacgtcgac ggctggtaga gatgc 25 <210> 13 <211> 36 <212>
DNA <213> Artificial <220> <223> priner 55KforE <400>
13 ggaattcgcc accat ggagc gaagaaaccc atctga 36 <210> 14

<211> 33
<400> 14

ggatcctcaa tctgtatett catcgetaga gece 33

<210> 15

<211> 23

<212> DNA

<213> Artificial

<220>
<223> primer 5ElBstart

<400> 15
ggaattcctc atggaggett ggg 23

<210> 16

<211> 19

<212> DNA

<213> Artificial

<220>
<223> primer 5ElBrev2

<400> 16
gtgtctcaca accgctcte 19

<210> 17

<211> 33

<212> DNA

<213> Artificial

<220>
<223> primer SV40.forS

<400> 17
caactagtac atgtggaatg tgtgtcagtt agg 33



10

15

<212> DNA <213> Artificial

<220> <223> pri mer

55KrevB68 <400> 14 ggatcctcaa tctgtatctt catcgctaga
W@e®s8B32210> 15 <211> 23 <212> DNA <213> Art i PCTEPR1004/052428
<220> <223> primer 5El Bstart <400> 15 ggaattcctc

at ggaggctt ggg 23 <210> 16 <211> 19 <212> DNA <213>

Artificial

<220> <223> prinmer 5El Brev2 <400> 16

gtgtctcaca accgctctc 19 <210> 17 <211> 33 <212> DNA

<213> Artificial

<210>
<211>
<212>
<213>

<220>
<223>

<400>

18
28
DNA

Artificial

primer S5V40.RevERI

18

ggaattcagc tttttgcaaa agectagg

69

<220> <223>"primer SV40.forS

28
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<400> 17 caactagtac atgtggaatg tgtgtcagtt agg 3369
<210> 18 <211> 28 <212> DNA <213> Artificial <220>
<400> 18 ggaatt cagc PCT/EP2004/052428
tttttgcaaa agcctagg 2870 CLAIMS . A net hod of
preparing a cell having adenovirus El A and E1B- 19K and
E1B- 55K codi ng sequences integrated into its genone,
the net hod conprising the st%ps of introducing into a
precursor cell: a) a nucl ei ¢ ’aci d nol ecul e conpri sing
the El A coding sequence and a separate nucleic acid
nol ecul e conprising the EIBAMYK and E1B- 55K codi ng

seque n_sai.d nucl 1C 26! C
bgtggﬁmgpoﬁéﬁipga%ﬁﬂﬂgeauenceh%Vé%ﬁggé? rﬁ%&ﬁﬁ'gnd
ot her vt 198 1braghd @1BosaH egelisy rseqo@fmemaﬁnwgﬂaebmeeno 1ts

sai d nol ecul es a single nucleic acid nol
conpr i $9 gt h’@leEF“ﬂt]é?f%l CETRE 4GRIahle I?Itlgp%?é COF Y Clng

sequenghy, abrd RAShrtwA10f these three coding
sequences being separated by at least 4 kb; or b2) two

or mor® rucheleiaerid myleculesomhatsingehhe Hddecombiuad

i ngl SRR 8 Mo bl e e g T e pfly herising
the E1B-19K and E1B-55K coding sequences, wherein said
nucleic acid molecules lack substantial homologous
sequence overlap that could otherwise lead to homologous
recombination between said molecules; or
bl) a single nucleic acid molecule comprising the E1A and
E1B-19K and E1B-55K coding sequences, at least two of
these three coding sequences being separated by at least
4 kb; or
b2) two or more nucleic acid molecules that when these

would form a single nucleic acid molecule would form a

single nucleic acid molecule according to bl).

2. A method according to claim 1, wherein a nucleic acid
molecule comprising the EIA coding sequence and a nucleic
acid molecule comprising the E1B coding sequences are
introduced into the precursor cell, wherein said
sequences lack substantial overlap that could otherwise

lead to homologous recombination between said molecules.

3. A method according to claim 1 or 2, wherein said El1A and
at least one of the E1B coding sequences are under
control of a heterologous promoter and/or polyadenylation

signal.



woewbsess2@ci d nol ecul e conprising the El B codi POI/EP2004/052428

10

15

20

25

30

2 . A nethod according to claim11, wherein a nucleic
acid nol ecul e conprising the El A coding sequence and a

sequences are introduced into the precursor cell
wherei n said sequences | ack substantial overlap that
coul d otherwi se | ead to honol ogous reconbi nati on
bet ween said nolecules . 3 .__A nethod according to
claiml1 or 2, wherein said B'A and at |east one of the
El B codi ng sequences are under control of a
het ér oA ogthed praswwtierg drdtbrimpdl yeaeyphathoinsrefised71
4 . A nethod according.to claiml, wherein the
introdﬂggslﬁJ%ng@O%%' “fof ¥EUrES conprise a) a single
nucl ei £ acktndm ecul&i€erpdisilrguldeckbAl eind EAB-EI3Kand
and E1B- 55K codingﬁse uences, at |east two of these

C

t hr ee BGUILAE Iy E et SeparRiEd BY st et of
kb; orif)set \egrég IBE £y GLEN & 2BEthdRlgs €% bhalt whgs:

these would forma single nucleic acid nolecule wuld
form a4 ssagbe nucl ei ¢ acid nol ecul e according to a). 5

. A nethaod according to.claim4,. wherei S

ot "sard g8 i Teauirei SR Bear ARl Byl et RSk
kb. 6.wAureEbad AceasIH nYcleiclaimmmlcohes eionlat fdreast
two of said coding sequences are sepagrated hy at | east
34. 5 kbingte nyCledChael hEebr i ifg 260k Iohe Bf cl ai ns
1-6, wherein the nucleic acid sequences encodi ng

E1B- 55K and E1B-19K are on different nucleic acid

mol écud extbpd seprardieg toychrin dasvherdih dhegast two of

compr S AR R SR A R BB sk 1B Lol

6. A method according to claim 5, wherein at least two of

said coding sequences are separated by at least 34.5 kb.

7. A method according to any one of claims 1-6, wherein the
nucleic acid sequences encoding E1B-55K and E1B-19K are
on different nucleic acid molecules or separated by at

least 4 kb when introduced into said precursor cell.

8. A cell comprising adenovirus E1A and E1B-55K and E1B-19K
coding sequences in its genome, characterized in that
said cell lacks stretches of nucleic acid sequence
wherein said ElA and both E1B coding sequences are

separated by less than 4 kb in said genome.

9. A cell according to claim 8, wherein said cell lacks
stretches of nucleic acid sequence wherein said E1A and
both E1B coding sequences are separated by less than 10

kb in said genome.
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said cell lacks stretches of nucleic acid sequence
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separated by less than 4 kb in said genone. 9. A cel
according to claim8, wherein said cell |acks
stretches of nucleic acid sequence wherein said El A
and both El B codi ng sequencgg are separated by |ess
than 10 kb in said genone.72°10. A cell according to
claim 10, wherein said cell |acks stretches of nucleic
aci 0 séquehtc ecshedsin teacthiEl Adardheoih 1B edldi Agcks
sequences,  are separated by. ] ess than 34 kh. i [
genone rﬂ‘?heﬁ? tﬂlbcgleflSra%lrdoé F%lil%n&%awgeeﬁ%nc gﬁjb#]i%?n%nd
adenoyjgtal rfl SEEHENRLBenteLet Nsairdt &l tyefeendasan 34.5
include El A and El B codi ng sequences, characterized in
t hat d&i dnngifodenomrd -.udes a step of selecting cells
havi ng a genone that |acks inverted repeats conprising
said El sequences. 12. A cell conprising adenovirus E
sequendesetinod tforgenoneingirercel h @HE@iEEKB@éa@ﬁ@éél El
include at | east. one functignal co 0

E1B- 19 HRBCEErBYEBRE Yo dith e&ﬁ%%%rg%,s ci:%%l:@%t%@? 20q B
that s@j@dnfl sep@UBSSLThaka PRt zbherreahaarsidoneprogsent

in the formof inverted repeats in saidagenone . 1§h1§
cel | algedpdeng B6°R| @ FRISCTiRRePR S SaVHITE penome tha

COﬁpri&%isa{m,lejﬁék %%%aggpé&[ﬁpr%i i1 Bl nSeQyeacRs.i n

its genonme . 14. according to claim12 or claim

13, wherein said cell is further characterized in that
Sal?ZFﬂﬁAc%Tg égﬁprising adenovirus El sequences in its genome,

wherein said El1 sequences include at least one functional
copy of the El1A and E1B-19K and E1B-355K coding sequences,
characterized in that said El sequences or part thereof
are not present in the form of inverted repeats in said

genome.

13. A cell according to claim 12, wherein said cell
comprises at least two copies of said El sequences in its

genome.

14. A cell according to claim 12 or claim 13, wherein said
cell is further characterized in that said ElA and at
least one of the EIB coding sequences are separated by at

least 4 kb in said genome.

15. A cell according to claim 14, wherein said ElA and at
least one of the EIB coding sequences are separated by at

least 10 kb in said genome.
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| east one of the El B codi ng sequences are separated by
at least 4 kb in said genone. 15. A cell according to

codi ng sequences are separated by at least 10 kb in
sai d genone. 73 16. A cell according to claim12,

wherein the genone of said cell conprises one copy of
said El sequences inits gengne and has no seguences
encoding plX. 1 . A nethod for generating a batch of
reconbi nant adenovirus having a deletion in the El .
regllén,A cehbraciongincheostepin 38;: werent rigudpheis gifdsaid
reconbi nant adenovirus or it ' cell.
conpri$i gcgmnggaaéﬂgégog¥<§§S§§@ﬁ§§ﬁ? §QE%SaE+ém€f

conpl etk Nghd hesded efegdeldess equediogspnf. sai d
reconbi nant adenovirus; b ) culturing said cell and
harvesting sai d reconbi nant adenovirus, the nethod

char acter| i)t I st ks & eebdmBeegrding to
anyﬁghggg?%g aﬁﬁg %%ﬁ§%ﬁgi%?%%Fb18. The net hod -
accor didegpovored diemiig,a whéekion daitthe &¢opdsilgant Comprising
adenovj rus | acks substantial sequence overlap with the
El seqﬁ%%é@gp%fégent in said cell. 19. A reconbi nant

nol ecul e iG@rPd SinGYsMUL Irekemsitiat t Seiprentess emcbds gnomne
adenoviral El A protein and at |east one adenoviral EIB .

pr ot ei HitccRafelkt EPIREEFINA FhatcBEPEPHAC 8F COGEPYE 1S
Seque”@%pa%@‘éo %m@éﬂeﬂﬁﬂh&"Ehea@@l@té&'@h_eé&qu@ﬁbéis of said
sequence encoding at | east "one EIB protein are
separ atetbrbynait ladasevidugh.
b) culturing said cell and harvesting said recombinant
adenovirus,
the method characterized in that said cell is a cell

according to any one of claims 8-10 or 12-16.

18. The method according to claim 17, wherein said
recombinant adenovirus lacks substantial sequence overlap

with the El sequences present in said cell.

19. A recombinant molecule comprising nucleic acid sequences
encoding adenoviral E1A protein and at least one
adenoviral E1B protein, characterized in that said
nucleic acid sequence encoding E1A protein and a nucleic
acid sequence encoding at least one E1B protein are

separated by at least 4 kb.

20. A recombinant molecule according to claim 19, wherein
said nucleic acid sequence encoding E1A protein and a
nucleic acid sequence encoding at least one EI1B protein

are separated by at least 10 kb.

| east one oPCT/RP20El/E52428



20. A reconbi nant nol ecul e according to claim 19,
wherein said nucleic acid sequence encodi ng El A
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one EIB protein are separated by at |east 10 kb.74 21.
A reconbi nant nol ecul e according to claim 20, wherein
sai d nucl eic acid sequence encoding ElIA protein and a
nucl ei c aci d sequence encoding at |east one E B
protein are separated by at 'feast 34.5 kb. 22. A
reconbi nant nol ecul e according to any one of clains,
19-21, awhedaibnnsati cofptelculagcosdinionearclas, 20y FELTr¥n

at | east .two _nucl ei.c, aci d npl ecul L.Sing:
nucl eiS¢14cHHLRDF étiiCe S BREDE NG Cﬁiﬂﬁ%&ﬁ%ﬁg% q%ﬁﬂa i

adenovj,Lus;c Weeseidiusatd ditehiehg aacidasmbee s pastain
| east 5 kb of spacer nucleic _acid sequence on both

si des a0k senadabbd Roatntpasdqdént e sai d spacer nucl eic
acid not encoding both ElIB proteins of an adenovirus;
and b ) a nucleic acid nolecule encoding an EIB _
protei n eécaibiadenonvdleusle wrepeiling &pdamuenei @f fdpgms

nol ecul e has _at | east, 5 kb of spa cleic acid
sequeﬁ@é26nvﬁﬁFﬁlgfﬁﬁg'%?ﬁ§§98 %f%géggﬁhg sequence,
sai d spacer nucleic acid not encoding an El A protein
of an adenovirus . 24. A set of at |east t

_ nucl ei.c, .
aci & o eetil s ahcboAH ﬁ@OtQPQ§Fé?n%Q¥§,m9&ﬁﬁpﬁgﬁ AP reing:
spacer )”#i%&él%i@?é&’ié%y@f\ﬂ% bfic@dingeast pkbtkh 25anA
met hod™'o preparing a cell capable of conplenenting El
def i ciakhoattersovihateivestbd sl ehowcigeneieatl fg ateFper
gteggg entstEg k%o% aépnallc%g Bl?crfeli%l §81d %%EHéﬂc%' g }Schﬁl sides

of said E1A coding sequence, said spacer nucleic acid not
encoding both E1B proteins of an adenovirus; and

b) a nucleic acid molecule encoding an E1B protein of an
adenovirus, wherein said nucleic acid molecule has at
least 5 kb of spacer nucleic acid sequence on both sides
of said E1B coding sequence, said spacer nucleic acid not

encoding an ElA protein of an adenovirus.

24. A set of at least two nucleic acid molecules according
to claim 23, wherein said spacer nucleic acid sequence is

at least 17 kb.

25. A method of preparing a cell capable of complementing El
deficient adenoviral vectors without generating helper
dependent El containing particles, comprising the steps
of:

a) introducing into a precursor oOr ancestor of the cell
nucleic acid sequence(s) coding for ELA gene functions
and E1B gene functions, or if the precursor cell already

comprises one of EIA or EIB gene functions, the other of



a) introducing into a precursor or ancestor of the
cell nucleic acid sequence (s) coding for ElA gene

wo ewsw3pes and El B gene functions, or if the pPEUEPH04/052428
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cell already conprises one of EIA or El B gene
functions, the other of 75 the El A and El B gene
functions; and b ) selecting or identifying cells
havi ng obtained El A and EIB.in a chronosonal
configuration that prevents the formation of hel per
dependent El containing particles when the cells are
used tidecEidlawehiB HarecEmsitAaRt; &d¢noviral vect or

def i cigni;, oL 1407 1c{£‘ﬂ‘c§f§ 3%81915 WAGEAONBasA A E1A and
vector | &6 I'ng nucl eic acl equences that have
subst &1H ah overbapsaalhcomiigohabims shat Iprelvetid ddeEl

sequence t hat oth rwi se coul e.ta h Q S
reco %ﬁlﬁft}b?fl 36! eweﬁagﬁ%@%ﬁg %/(gtcé)r%%%%)%n | gg%%lcggg
packagig egd lchavi ne Bkegeqepapbenicnti & Sregempimanand a
reconbi nant adenovirus vector ‘with a del eti on in the

El reqidsmovivrel érreﬁt%@leééﬁ%ﬁfé EPT sdied OF G Bl 290

SAUbStafH al overla Mcttgrtf&ﬁk@n SEAYRREEScid skBfences
genone of said pac agl ng ce gharacterl zed in that
sai d packapivg stbbtantsad ceddlagceniidithg throangord yof
Clalnslg%é%gdogl %%é&g%ce that otherwise could give rise to

homologous recombination.

'26. A packaging system comprising a packaging cell having El
sequences in its genome and a recombinant adenovirus
vector with a deletion in the El region, wherein the
genome of said vector lacks substantial overlap with the
El sequences in the genome of said packaging cell,
characterized in that said packaging cell is a cell

according to any one of claims 8-10 or 12-16.



